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Review  and  Comparison  of  Site  Evaluation  Methods 


John  R.   Jones 


This  review  does  not  attempt  to  include  every 
paper  or  recognize  every  school  of  site  evaluation. 
The  field  was  first  outlined  and  then  developed. 
The  papers  cited  were  selected  mainly  to  illustrate 
concepts,  methods,  and  results.  For  example,  the 
principles  of  characterizing  site  by  classifying  the 
vegetation  ore  covered  by  discussing  the  Finnish 
and  related  work.  The  Zurich  Montpellier  and  Rus- 
sian schools  are  regarded  as  other  means  of  classi- 
fying vegetation  and  are  not  discussed  here,  although 
work  by  their  adherents  is  cited  in  other  contexts. 
Emphasis  has  been  on  North  American  work,  on 
European  work  that  has  been  especially  influential 
in  North  America,  and  on  certain  European  work 
that    provided    insight    into    North    American    work. 

The  review  is  organized  into  three  main  sections, 
each  followed  by  a  summary.    They  ore: 

1 .  The  site  index  approach. 

2.  Vegetation  approaches. 

3.  Environmental  approaches. 

Some  studies  have  combined  approaches.  These 
are  discussed  where  they  contribute  to  the  develop- 
ment of  the  subject. 

The  Site  Index  Approach 

A  common  method  of  evaluating  site  in  even-" 
aged  forests  or  those  with  an  even-aged  overstory 


has  been  site  index  — the  average  height  of  sample 
canopy  trees  at  a  selected  index  age,  such  as  50 
years. 

A  stand  of  index  age  is  seldom  encountered. 
Assume  a  stand  younger  than  the  index  age.  What 
is  its  site  index?  That  is,  how  tall  will  it  be  when 
it  reaches  the  index  age?  To  estimate  site  index, 
the  age  of  the  stand  and  the  average  height  of 
several  dominant  trees  are  determined.  In  some 
early  systems,  the  average  of  a  sample  from  both 
the  dominant  and  codominant  crown  classes  was 
used  — for  example,  that  of  McArdle  ( I  930)  for  Doug- 
las-fir in  the  Pacific  Northwest  The  point  at  which 
the  age  and  height  ordinates  intersect  are  found 
on  a  graph,  and  the  site  index  value  estimated  by 
interpolation  between  two  site  index  curves.  The 
procedure  is  the  same  for  stands  older  than  the 
index  age.  Figure  1  shows  site  index  curves  for 
Engelmann  spruce  (Alexander  1967). 

Site  index  curves  describe  the  course  of  height 
growth  of  hypothetical  trees  of  specified  site  indexes. 
Sometimes  height- age  fables  designed  from  site  index 
curves   are    used  instead  of  the  curves  themselves. 

According  to  Cajander  (1926),  Huber  used  site 
index  in  Germany  as  early  as  1824,    Its  use  spread 

^Common  and  scientific  names  of  plants, 
insects,  and  diseases  mentioned  are  listed  on 
p.    27. 
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to  Scandinavia  (Jonson  1914)  and  to  the  United 
States  (Sterrett  1914).  Not  long  after  its  introduc- 
tion into  the  United  States,  the  concept  was  dis- 
cussed in  a  series  of  articles  (Parker  1916,  Roth 
1916,  1918,  Spring  1917,  Watson  1917,  Bates  1918, 
especially  Frothingham  1918),  and  compared  with 
the  volume-age  relationship,  vegetation  types,  and 
environmental  factors  as  possible  alternative 
indexes.  The  height-age  relationship  was  deemed 
much  superior. 

Site  index  curves  can  be  developed  from  height 
growth  records  from  permanent  plots,  where  these 
are  available  (Spurr  1952,  1956).  Mostly,  however, 
they  are  based  on  the  heights  and  ages  of  stands 
on  many  temporary  sample  plots.  The  range  of 
age  classes  and  of  sites  must  be  included  in  the 
sample.  This  is  the  approach  described  in  American 
texts  on  forest  mensuration  from  Chapman  (1921) 
toHusch  (1963). 

For  years  the  standard  methodsof  curveconstruc- 
tion  in  the  United  States  were  graphical  anamor- 
phosis as  described  by  Bruce  (1926),  or  the  graphi- 
cal method  of  Osborne  and  Schumacher  (1935). 
In  recent  years  the  multiple  regression  of  height  on 
age  and  on  site  index  has  been  used.  The  general 
procedure  is  similar  to  the  earlier  standard  graphical 
methods  except  that  the  curve  form  is  dictated  by  a 
selected  equation  form,  and  the  curves  are  fitted  by 
the  method  of  least  squares. 

Construction  of  a  set  of  site  index  curves  by  the 
above  methods  assumes  that  (1)  all  the  factor  com- 
binations sampled  produced  height-age  curves  which 
are  harmonic,  that  is,  which  are  proportioned  to 
each  other  throughout  the  ages  of  the  stands,  and 
(2)  the  site  index  given  by  any  stand  wiil  not 
change  during  the  life  of  that  stand.  Weaknesses 
m  these  assumptions  have  been  discussed  by 
Cajander  (1926),  Bull  (1931),  Spurr  (1952,1956), 
Carmean  (1956),  and  Vincent  (1961). 

Errors  from  the  first  assumption  should  be  re- 
duced by  the  use  of  "natural"  site  index  curves. 
According  to  their  description  by  Cajander  (1926) 
the  pioneering  curves  of  Huber  were  natural  site 
index  curves.  Bull  (1931)  introduced  them  to  the 
United  States,  and  their  principle  is  well  illustrated 
in  the  construction  of  his  site  index  curves  for 
planted  red  pine  in  Connecticut.  He  described 
the  actual  course  of  height  growth  for  each  sample 
tree  by  measuring  the  height  of  each  annual  branch 
whorl.  The  height-age  data  for  all  trees  in  a  single 
site  index  class  were  then  combined  to  form  a  site 
index  curve  for  that  class.  No  curve  depended  on 
data  from  any  other  class. 


The  same  principle  has  been  followed  where 
whorl  counts  are  not  possible;  basic  data  are  ring 
counts  at  measured  intervals  along  the  boles  of 
felled  trees— that  is  "stem  analysis."  This  was 
Huber's  method  (Cajander  1926).  Jameson  (1965) 
illustrated  serious  discrepancies  between  standard 
site  index  curves  for  jack  pine  in  Saskatchewan  and 
height-age  curves  based  on  stem  analysis. 

The  advantage  of  natural  site  index  curves  is 
limited,  however,  because  among  plots  with  vir- 
tually identical  heights  at  index  age,  tree  curves 
on  one  plot  may  differ  considerably  from  tree 
curves  on  another  plot,  at  least  for  aspen  in  the 
Rocky  Mountains  (Jones  1967a),  lodgepole  pine, 
and  for  birch  in  Norway  (Persson  1959).  This  di- 
versity of  curve  forms  for  plots  of  similar  height  at 
index  age  results  in  a  plot  giving  different  estimates 
of  site  index  at  different  ages,  regardless  of  whether 
the  class  curve  is  "natural"  or  derived  by  standard 
anamorphic  techniques. 

Williamson  (1963)  demonstrated  moderate  site 
index  changes  in  30-  to  50-year  height  records  on 
Douglas-fir  growth  plots.  Watt  (1960)  found  only 
unimportant  changes  in  site  index  on  western  white 
pine  plots. 

Diversity  in  the  forms  of  height  growth  curves 
presumably  is  caused  by  different  combinations  of 
site  factors  and  changes  in  the  identity  of  limiting 
factors  during  stand  development.  These  changes 
may  result,  for  example,  in  rapid  juvenile  growth 
and  early  growth  deterioration  on  some  sites,  while 
on  others  juvenile  growth  may  be  moderate  but 
may  slow  little  at  maturity.  Genetic  differences 
undoubtedly  contribute  in  some  degree  to  curve- 
form  diversity  in  most  if  not  all  species.  Contrast- 
ing habitats  select  for  populations  that  will  differ 
genetically  according  to  the  type  and  severity  of 
selection  and  the  nature  of  the  response  mechanism. 
In  the  case  of  bigtooth  aspen,  and  of  quaking  aspen 
in  the  Rocky  Mountains,  genetic  differences  between 
clones  are  important  (Zahner  and  Crawford  1965; 
Jones  1967b). 

Ilvessalo  (1927,1937)  presented  height-age 
curves  for  Scots  pine  in  Finland,  for  different  site- 
types  as  defined  by  ground  vegetation.  The  curve 
forms  differed,  sometimes  considerably,  on  different 
site  types.  The  same  was  true  for  ponderoso  pine 
on  different  site  types  in  the  northern  Rocky  Moun- 

^Unpublished  data  on  file  in  the  spruae- 
fir  and  lodgepole  pine  project.  Rocky  Mountain 
Forest  and  Rang  2  Experiment  Station,  Fort 
Collins,    Colorado. 


tains  (Daubenmire  1961).  Carmean  (1956)  found 
that,  forDouglas-fir  on  different  soils  in  southwestern 
Washington,  two  stands  with  similar  heights  at  index 
age  100  may  have  differed  in  height  at  age  20  by 
2:1,  the  differences  remaining  very  large  even  at 
age  50.  As  a  result,  site  index  estimates  may  err 
greatly. 

Carmean  (1956),  Beck  (1962),  Zahner  (1962), 
and  Van  Eck  and  Whiteside  (1963)  developed 
separate  sets  of  site  index  curves  for  different  soil 
or  landform  categories.  This  promises  to  reduce 
errors  from  both  of  the  assumptions  discussed:  that 
height-age  curves  are  harmonic  and  that  site  index 
remains  constant  as  a  stand  ages.  It  actually  a- 
mounts  to  superimposing  a  site  index  classification 
on  an  environmental  classification  — it  could  also  be 
superimposed  on  a  vegetational  classification— and 
may  be  worthwhile  where  curve-form  variability 
is  sufficient. 

Ward  et  al.  (1965)  suggested  bypassing  site 
index  curves  and  formulas  entirely  by  simply 
felling  and  sectioning  sample  trees  on  the  site  for 
which  the  index  is  desired.  The  site  index  is  then 
read  directly  from  the  tree  curves.  This  requires 
that  the  stand  be  at  least  as  old  as  the  index  age, 
however,    and    is    laborious    and    time   consuming. 

Juvenile  growth  rates  are  particularly  apt  to  be 
poorly  correlated  with  later  growth  rates  and  with 
site  index.  To  reduce  the  effects,  age  is  often  based 
on  the  ring  count  at  breast  height,  4.5  feet,  with 
or  sometimes  without  (Jones  1966,  Alexander  1967) 
the  addition  of  the  average  number  of  years  re- 
quired by  the  species  to  reach  4.5  feet.  In  Den- 
mark, age  may  be  based  on  a  count  of  rings  as 
high  as  2.3  meters  (7.5  feet)  above  the  ground 
(L«vengreen  19541.  Walters  et  al.  (1961)  tried  to 
refine  this  approach  for  some  northwestern  species 
by  adding  a  variable  number  of  years  required  to 
reach  breast  height,  the  number  being  based  on 
crown  class. 

A  mathematical  approach  to  site  index  curve 
construction  presented  by  Stage  (1963)  attempts 
to  compensate  for  the  effects  of  factors  affecting 
seedlings  and  saplings.  Ebeling  (1959)  was  skeptical 
of  highly  refined  systems  of  yield  prediction,  be- 
lieving them  more  complicated  than  accurate. 

A  very  basic  assumption  in  site  index  is  that 
height  growth  is  not  importantly  influenced  by  stand 
density.  Hopkins  (1963),  on  the  basis  of  a  thinning 
study,  pointed  out  that  close  spacing  in  young  coast- 
al   Douglas-fir  slowed  height  growth.     In  the  north- 


ern Rocky  Mountains,  overstocking  reduced  the  height 
growth  of  ponderosa  pine  enough  that  separate  sets 
of  site  index  curves  have  been  made  for  different 
levels  of  stocking  (Lynch  1958).  The  height  growth 
of  lodgepole  pine  in  the  Rocky  Mountains  is  so 
strongly  influenced  by  stocking  over  a  wide  range 
of  densities  (Smithers  1961,  Holmes  and  Tackle 
1962)  that  the  height-age  relationship  alone  islarge- 
ly  useless  as  an  index  of  site.  An  extensive  study 
has  developed  a  system  for  this  notoriously  dif- 
ficult species,  incorporating  height,  age,  and  density 
(Alexander  1966,  Alexander  et  al.  1967). 

Some  sites  with  similar  height-growth  potentials 
are  very  different  from  some  others.  In  some  cases 
they  may  differ  appreciably  in  their  stocking  or 
longevity  potentials,  and  therefore  in  their  yield 
potential.  This  probably  is  not  often  an  important 
factor,  however,  and  seems  to  involve  poor  sites 
primarily. 

Plantation  cultivation  may  sometimes  make  a 
substantial  difference  in  apparent  site  index 
(Wittenkamp  and  Wilde  1964).  Correction  factors 
may    prove  desirable  where  cultivation  is  planned. 

For  site  index  to  give  valid  results,  the  site 
must  bear  an  even-aged  overstory  where  the  heights 
of  dominants  have  not  been  strongly  influenced  by 
stand  history.  For  example,  by  partial  cutting 
(llvessalo  1954)  or  by  dwarf  mistletoe  infection 
(Shea  1964).  Juvenile  growth  rates  often  are  in- 
consistent with  later  rates.  Therefore,  young  stands 
often  give  misleading  estimates,  and  many  site 
index  curves  are  not  even  drawn  below  age  20. 
With  some  species,  20-  or  even  30-year-old  stands 
give  unreliable    indexes  (Warrack  and  Fraser    1955, 

Alexander  1966,  Jones  1966). 

For  the  above  reasons  or  because  of  de- 
forestation, many  sites  do  not  have  stands  suitable 
for  determining  site  index.  Also,  the  interest  in 
yield  potential  is  always  related  to  a  particular 
species.  A  site  may  be  occupied  by  lodgepole 
pine,  while  the  manager  may  wish  to  know  its 
potential  for  Engelmann  spruce.  In  some  cases 
the  site  index  for  two  species  may  be  highly  cor- 
related (Doolittle  1958,  Foster  1959,  Olson  and 
Della-Bianca  1959,  Deitschman  and  Green  1965). 
Use  of  regressions  to  estimate  the  site  index  for 
one  species  from  that  for  another  seems  risky,  how- 
ever, unless  the  regression  is  known  to  hold  for  the 
particular  environmental  combination  involved. 

The  weaknesses  in  site  index  do  not  appear 
to  be  serious  for  most  species  in  even-aged  stands, 


-3- 


however.  This  is  especially  true  if  McGee  and 
Clutter  (1967)  are  right  in  stating  that  "there  is 
seldom  a  need  for  site  information  that  predicts 
future  heights  within  ten  feet"  except  for  land  ac- 
quisition and  research  purposes.  In  the  United 
States,  probably  most  foresters  agree  with  Hodgkins 
(1956)  and  Vincent  (1961)  that  site  index  is  the 
best  generally  available  indicator  of  relative  yield 
potential  where  suitable  stands  are  present.  Cer- 
tainly, site  index  often  serves  as  the  basic  criterion 
in  developing  and  testing  alternative  methods. 

At  the  same  time,  site  index  is  an  index  only 
to  yield  potential.  It  is  not  generally  suited  to 
other  purposes— to  characterizing  sites  for  silvicul- 
tural  prescription,  for  example.  As  an  instance, 
one  high  index  site  may  be  readily  reforested  after 
fire  or  harvest,  and  another  may  be  very  difficult 
to  reforest. 

On  the  other  hand,  o  habitat  classification  using 
an  environmental  approach  has  been  developed  for 
evaluating  blister  rust  hazard  to  eastern  white  pine 
(Van  Arsdel  1961).  The  susceptibility  of  subalpine 
fir  to  spruce  budworm  in  the  Canadian  Rockies 
differed  on  different  site-types  as  defined  by  ground 
vegetation  (Shepherd  1959)  as  did  ponderosa  pine 
susceptibility  to  dwarf  mistletoe  in  the  northern 
Rockies  (Daubenmire  1961).  Comparable  vegetation 
site-types  have  been  widely  used  in  prescribing 
forest  regeneration  methods  in  Europe  (Kabzems 
1951,  llvessalo  1954,  Arnborg  1960,  Barring  1965) 
and  have  been  developed  as  a  framework  for 
general  ecological  studies  in  a  section  of  the  north- 
ern Rocky  Mountains  (Daubenmire  1952).  The  po- 
tential value  of  environmental  site  classification 
or  ordination  in  studies  of  forest  seed  provenance 
and  other  studies  of  racial  variation  is  clear  from 
discussions  by  Dietrichson  (1964),  Callaham  ( 1  965), 
Silen  (1965),  and  Benson  et  al.  (1967). 

Summarizing,  even  good  site  index  curves  used 
with  proper  regard  for  their  limitations  are  a  some- 
what rough  index  to  the  productivity  of  sites.  But 
it  is  the  most  direct  method,  and  for  most  species 
in  suitable  stands,  good  site  index  curves  probably 
are  the  best  tool  for  evaluating  productivity. 

There  remains  a  real  need  for  the  classification 
or  ordination  of  sites  based  on  environment  or 
vegetation  or  both,  not  to  replace  the  site  index 
approach,  but  to  supplement  it  and  to  some  extent 
to  refine  it. 


Vegetation  Approaches 

Under  vegetation  approaches  I  am  including 
what  many  writers  term  the  ecosystem  approach, 
if  the  vegetation  is  used  to  define  the  ecosystem. 
The  primary  difference  between  the  vegetation  ap- 
proach of  Cajander  (1926)  and  the  ecosystem  ap- 
proach of  Krajina  (1960),  for  example,  is  the  degree 
of  emphasis  given  the  environment  in  deciding  upon 
the  defining  vegetaion. 

The  vegetation  approach  may  take  the  form  of 
classification  or  ordination. 


Classification 

Malmstrom  (1949)  cites  two  early  Fennoscandian 
papers  (Post  1862,  Norrlin  1871)  in  which  forest 
ecosystems  were  classified  according  to  vegetation 
but   with    the    explicit  consideration  of  the  habitats. 

The  approach  received  wide  attention  after 
Cajander  (1909,  1926)  subdivided  the  forest  hab- 
itats of  Finland  into  a  complete  set  of  forest  site- 
types.^  Each  site-type  was  defined  by  the  climax 
ground  vegetation,  using  the  polyclimax  concept. 
Environmental  similarity  was  a  criterion  in  defining 
the  site-types  (Cajander  1926,  Kalela  1960)  and 
it  was  assumed  that  for  forestry  purposes  all  hab- 
itats falling  within  a  single  site-type  could  be  con- 
sidered effectively  uniform. 

By  means  of  growth  studies,  yield  prediction 
tables  were  developed  for  the  different  site-types 
(llvessalo  '927,  1937,  Carbonnier  1954),  and  site- 
types  have  provided  the  frame  of  reference  for 
forest  management  and  research  in  Finlandfor  many 
years  (llvessalo  1954,  Hognas  1966,  p.  94). 

Coile  (1938),  an  advocate  of  the  soils  approach 
to  site  evaluation,  questioned  whether  the  climax 
vegetation  could  be  recognized  after  severe  disturb- 
ance, and  whether  shallow-rooted  ground  vegetation 
would  reflect  the  deeper  lying  soil  conditions  en- 
countered by  tree  roots,    llvessalo  (1954)  and  Kujala 

'^The  Finnish  "metsatyyppi,  "Swedish  "skogs- 
typ,"  and  German  "Waldtyp"  translate  literally 
to  "forest  type. "  In  the  American  literature, 
however,  the  term  forest  type  is  widely  used  as 
a  synonym  of  "forest  cover  type, "  referring  to 
the  composition  of  the  forest  canopy.  To  avoid 
confusion,  the  term  "forest  site-type"  is  often 
used  to  signify   Waldtyp  and  will  he  used  here. 


(1960)  have  claimed  that  those  criticisms  ore  un- 
important. Ilvessalo  (1954)  admitted  that  mistakes 
can  be  made  in  assigning  land  to  a  site-type,  but 
that  misassignments  are  usually  of  borderline  cases 
into  a  site-type  similar  to  the  correct  one.  Kujala 
(1960)  pointed  out  that  the  advantage  of  deep-lying 
nutrient-rich  layers  are  reflected  in  the  ground  vege- 
tation   through    the    fertilizing    effect   of    leaf    litter. 

More  to  the  point  are  the  reactions  of  those  vvho 
have  tried  to  apply  site-types.  Viro(1961),  himself 
a  Finn,  stated  that  the  use  of  ground  vegetation 
to  evaluate  productivity  "is  almost  confined  to 
Finland;  elsewhere  it  has  not  been  found  to  give 
a  correct  picture  of  site  fertility."  Another  Finn, 
H6gnas(1966,  pp. 94-95),  stated  that  dominant  height 
and  age  are  necessary  for  practical  site  quality 
classification  on  Finland's  Ahvenanmaa  (Aland) 
Archipelago.  He  ascribed  this  to  the  influence  of 
parent  materials  and  the  maritimity  of  the  climate, 
some  of  the  former  atypical  and  the  latter  com- 
pletely outside  the  range  of  Finnish  mainland 
conditions. 

Operational  systems  of  site-types  have  been 
developed  and  tried  in  Sweden  (Eneroth  1931,  re- 
viewed by  Malmstrom  1949,  Malmstrom  1949, 
Arnborg  1953).  Site  index,  however,  remains  the 
stondard  means  of  •  estimating  productivity  there 
(Carbonnier  1954);  site-types  are  used  as  a  frame 
of  reference  for  silvicultural  prescription  (Malmstrom 
1949,  Tamm  1950,  Arnborg  1960).  The  Swedish 
conclusion  has  been  that  site- types  in  Sweden  include 
too  much  growth  variability.  In  explanation  it  has 
been  suggested  that  growth  is  more  sensitive  than 
vegetation  composition  to  differences  in  elevation, 
slope  direction,  and  past  stand  treatment(Malmstrom 
1949,  p.  116,  Arnborg  1960).  Sweden  generally 
has  considerably  greater  elevation  contrasts  than 
Finland. 

In  Latvia  the  site-type  concept  was  used 
to  classify  forest  land,  with  very  explicit  attention 
being  given  to  soil  profile,  stand  structure,  secondary 
successions,  and  forest  regeneration  in  delineating 
vegetation  site-types.  These  thorough  ecosystem 
studies  were  considered  necessary  because  the 
Latvian  flora  is  richer  and  the  soils  characteristically 
deeper  and  more  complex  than  those  of  Finland. 
The  resulting  site-types  were  the  basis  of  manage- 
ment on  5  million  acres  of  state  and  private  forests 
in  prewar  Latvia  (Kabzems  1951). 

Interest  in  site-types  has  been  shown  by  at  least 
two  directors  of  federal  forestry  research  in  Canada, 


J.  D.  B.  Harrison  (1955)  and  D.  R.  Redmond  (1964), 
Because  of  Canada's  size  and  climatic  diversity,  the 
government  has  published  o  complete  geographic 
classification  of  the  country  into  forest  regions  and 
sections.  It  is  based  on  community-habitat  relations, 
and  reflects  differences  in  climate  and  physiography 
(Halliday  1937,  revised  by  Rowe  1959).  This 
Canada-wide  classification  serves  as  a  framework 
for  development  of  sectional  classifications  of  habitats 
based  either  on  vegetation  or  environment.  Classi- 
fications based  on  vegetation  hove  been  made  for 
several  sections  (Linteau  1955,  Lemieux  1963,  Dam- 
man  1964,  Mueller-Dombois  1964)  and  forindepend- 
ently  delineated  but  more  or  less  comparable  areas 
(lllingworth  and  Arlidge  1960,  Loucks  1962a,  Wil- 
ton 1964). 

Kraiina  (1963,  1964,  1965)  and  his  students 
have  made  a  number  of  detailed  ecological  studies 
apparently  aimed  at  the  eventual  classification  of 
the  ecosystems  of  British  Columbia  according  to 
the  vegetation. 

Habitat  has  been  classified  according  to  vege- 
tation in  several  parts  of  the  United  States  (Heim- 
burqer  1934,  Kittredqe  1938,  Westveld  1951,  Dau- 
benmire  1952,  1  96 1  ,  Becking  1  954,  cited  in  Becking 
1  957,  Heinselman  19631.  In  general,  however,  inter- 
est has  not  been  strong.  Coile's  (1938)  critical 
views  discussed  earlier  seem  to  express  the  skepti- 
cism of  United  States  foresters,  who  have  preferred 
other  approaches;  most  United  States  ecologists 
outside  of  forestry  have  been  occupied  with  other 
problems. 


Ordination 

Gleason  (1926,  1939)  guestioned  the  reality 
of  plant  "associations,"  and  viewed  the  composition 
of  vegetation  as  a  response  to  variations  in  en- 
vironment and  history.  The  environment,  in  turn, 
can  be  regarded  as  a  continuum,  as  reflected  in  the 
established  climatological  practice  of  mapping  iso- 
therms, isohyets,  and  so  forth,  and  in  the  well- 
established  concept  of  the  soil  catena  (Bushnell 
1942).  Curtis  and  his  collaborators  (Curtis  and 
Mcintosh  1951,  Brown  and  Curtis  1952,  Bray  and 
Curtis  1957,  Maycock  and  Curtis  1960,  Mcintosh 
1967,  and  others)  showed  that  vegetation  also  is 
a  continuum,  although  the  segments  of  that  con- 
tinuum are  geographically  disjunct.  They  ordered 
local  and  regional  communities  against  one  or  more 


phytosociological  axes  to  investigate  successiona I  and 
other  community  dynamics. 

Goodall  (1953a,  1953b,  1954)  proposed  the  term 
"ordination"  for  the  arrangement  of  vegetational 
data  along  axes. 

Wiedemann  (1929,  cited  by  Bakuzis  1962)  ar- 
ranged the  Finnish  site-types  against  theoretical 
gradients  of  moisture  and  nutrients.  Eneroth  (1931, 
reviewed  by  Malmstrom  1949)  and  Arnborg  (1953) 
have   done  the  same  thing  with  Swedish  site-types 

(fig.  2). 

Westveld  and  Spurr  (Spurr  1952,  p.  305)  devel- 
oped a  "provisional  indicator  spectrum"  for  the 
northeastern  United  States,  in  which  the  plant  spe- 
cies   are    ordered    against    a    single    gradient   that 


ranges  from  dry-infertile  to  moist-fertile.  A  plot 
value  on  the  scale  is  the  result  of  the  combined 
species  presences.  The  reality  of  a  single  gradient 
that  combines  moisture  and  "fertility"  is  question- 
able, but  Spurr's  purpose  was  simply  to  illustrate 
a  concept,  and  not  to  provide  a  working  system. 
Rowe  (1956)  discussed  considerations  in  the  use 
of  plants  as  indexes  to  environmental  gradients, 
and  developed  a  trial  "vegetation  moisture  index" 
for  the  Mixedwood  Section  of  Manitoba  and  Sas- 
katchewan based  on  the  species  present  and  their 
apparent  affinity  for  moisture.  The  rank  of  vege- 
tation moisture  indexes  on  his  plots  was  generally 
similar  to  the  soil  moisture  regime  of  the  plants 
involved,  with  ranking  based  on  soil  and  topography. 
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He  concluded  that  plants  can  provide  useful  indexes 
to  environmental  gradients  if  tfie  regional  ecology 
of  the  species  is  known  well  enough. 

Hodgkins  (I960)  tested  a  vegetation  index  to 
loblolly  pine  site  quality  for  a  small  area  on  the 
Alabama  Coastal  Plain.  He  assigned  an  index  value 
to  each  of  a  number  of  plant  species,  based  on  the 
average  loblolly  pine  site  index  of  the  plots  on 
which  the  species  was  found,  and  adjusted  the 
values  according  to  the  apparent  affinity  of  the 
species  for  soil  moisture.  The  value  of  a  species 
on  a  plot  was  weighted  according  to  its  abundance 
on  the  plot.  The  plot  means  of  weighted  species 
values,  used  in  a  regression  equation,  predicted 
loblolly  pine  site  index  with  a  standard  error  of 
only  ±2.55  feet. 

Of  operational  interest  is  the  fact  that  almost 
all  the  species  used  by  Hodgkins  can  be  identified 
year  round. 

Bakuzis  (1959)  developed  an  operational  system 
of  vegetation  indexes  to  forest  environments  in 
Minnesota,  which  he  called  "synecological  coordi- 
nates." Bakuzis  and  Hansen  (1959)  compiled  a  list 
of  the  forest  plants  of  Minnesota,  and  assigned  each 
species  a  value  for  heat,  nutrients,  and  light.  Maxi- 
mum values  were  5;  minimum,  ).  The  first  ap- 
proximation values  were  based  mainly  on  the  geo- 
graphic distribution  and  the  known  ecology  of  the 
species.  For  example,  a  species  having  its  northern- 
most occurrence  on  exposed  south  slopes  in  south- 
ern Minnesota  would  be  assumed  to  have  a  high 
heat  requirement  for  that  State  and  would  be  given 
a  maximum  heat  index  value.  Values  for  each 
species  then  were  adjusted  if  the  values  of  its 
associates    indicated    adjustment    was   appropriate. 

The  moisture  value  given  to  any  plot  was  the 
average  of  the  moisture  values  of  the  species  found 
on  it.  Heat,  nutrient,  and  light  values  were  figured 
in  the  same  way. 

In  developing  similar  vegetation  indexes  for  the 
Coastal  Redwood  Region,  Waring  and  Major  (1964) 
measured  available  moisture,  available  nutrients, 
and  solar  radiation  on  plots  to  assign  species  values. 
Correlation  between  the  vegetation  moisture  indexes 
of  plots  and  their  measured  minimum  available 
moisture  was  particularly  strong  (r  =  0.97).  Pluth 
and  Arneman  (1965)  found  Bakuzis'  moisture  and 
nutrient  ordinates  strongly  correlated  with  such  soil 
factors  as  moisture-holding  capacity,  silt-plus-clay 
fraction,  and  exchangeable  potassium. 

Site  index  (fig.  3)  and  basal  area  have  been 
related    to  synecological  coordinates  (Bakuzis  et  al. 
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1962,  Waring  and  Major  1964)  as  has  the  abundance 
of  tree  reproduction  (Bakuzis  1959,  Bakuzis  and 
Hansen  1962a).  In  the  Border  Lakes  District  and  the 
Central  Pine  Section  of  Minnesota,  the  moisture 
and  nutrient  ordinates  combined  accounted  for  36 
percent  of  the  variation  in  jack  pine  site  index 
(Frissell  and  Hansen  1963).  Synecological  coordi- 
nates have  also  been  used  in  the  examination  of 
various  other  ecological  relationships  (Bakuzis  1962 
et  seq  ,  Waring  and  Major  1964). 

On  the  basis  of  the  limited  published  work  on 
vegetation  ordination,  it  appears  that  systems  de- 
veloped specifically  for  estimating  site  index  may 
provide  quite  accurate  estimates,  while  more  general 
systems  that  can  be  used  for  a  variety  of  purposes 
may  not  estimate  site  index  very  well. 

The  presence  and  abundance  of  each  plant  spe- 
cies expresses  a  set  of  environmental  factors  more 
or  less  unique  to  that  species.  A  community  of 
plants  should  express  pretty  much  all  of  the  bio- 
logically relevant  factors  and  interactions.  Vege- 
tation  ordination  uses  communities  to  express  that 


integration  of  factors  more  flexibly  than  classifi- 
cation does.  The  ways  in  which  plant  communities 
integrate  factors  are  hidden,  however,  and  are 
relatively  unamenable  to  analysis.  It  is  likely  that 
improved  vegetation  ordinations  will  come  mainly 
from  aiming  ordination  at  narrowly  defined  pur- 
poses, as  Hodgkins  did,  and  from  improved  index 
values  based  on  instrumented  field  studies  of  spe- 
cies (Cleary  and  Waring  1969). 


Environmental  Approaches 

Environmental  approaches  to  habitat  evaluation 
or  description  are  treated  here  as  either  factorial 
or  holistic.  The  factorial  approach  uses  one  or  more 
environmental  factors  believed  limiting  to  the  bio- 
logical process  of  interest.  The  holistic  approaches 
subdivide  or  ordinate  the  environment  as  a  whole. 


Factorial  Approach 

In  the  section  on  site  index  it  was  pointed  out 
that  many  locations  do  not  hove  stands  suitable 
for  the  direct  determination  of  site  index.  A  natural 
reaction  has  been  to  look  for  a  simple  method  of 
approximating  site  index  by  relating  it  to  one  or 
more  limiting  factors.  This  is  the  factorial  approach, 
which  has  been  restricted  largely  to  the  United 
States. 

Haig  (1929),  in  a  pioneering  study,  used  the 
silt-plus-clay  content  of  the  soil  to  estimate  site 
index  for  planted  red  pine  on  brown  forest  soils 
in  Connecticut.  The  approach  received  increasing 
attention  under  the  leadership  of  T.  S.  Coile  at 
Duke  University,  beginning  with  his  paper  "Relation 
of  Site  Index  For  Shortleaf  Pine  to  Certain  Physical 
Properties  of  the  Soil"  (Coile  1935).  Scores  of 
studies  hove  since  been  made  for  different  species 
and  areas;  an  extensive  review  was  written  by 
Della-Bianca  and  Olson  (1961). 

The  usual  technique  can  be  divided  into  the 
following  steps: 

1.  Selection  of  the  environmental  factors  which  might 
limit  or  be  otherwise  related  to  site  index. 

2.  Selection  from  amiong  them  of  factors  deemed 
practical  to  work  with. 

3.  Definition  of  a  study  universe  which  will  restrict 
as  many  of  the  other  factors  as  feasible  to  a 
reasonable  degree  of  uniformity.    (The  importance 


of  this  step  was  not  fully  appreciated  during  the 
early  development  of  the  method.) 

4.  Location  of  plots  in  stands  suitable  for  site  index 
determination  on  habitats  sampling  the  range  of 
variability  of  the  factors  being  studied. 

5.  Collection  of  site  index  and  environmental  data. 

6.  Stepwise  regression  analysis.  The  equation  to  be 
accepted  will  include  those  independent  variables 
that  are  statistically  significant  and  that  also  con- 
tribute appreciably  to  the  accuracy  of  the  site 
index  estimates. 

An  alternative  to  regression  analysis  is  the  pro- 
gressive subdivision  of  pertinent  factor  gradients 
(Gysel  and  Arend  1953,  Strothmonn  1960). 

Early  habitat  studies  were  made  in  areas  of  sub- 
dued terrain.  Climatic  variability  was  restricted 
by  limiting  the  area  included  in  the  study.  The 
Southeastern  Section  of  the  Society  of  American 
Foresters  recently  provided  a  geographic  division  of 
a  three-State  region— Alabama,  Florida,  and  Geor- 
gia—into seven  provinces  and  20  habitat  regions 
based  on  physiography  (Hodgkins  1965).  Super- 
imposing a  climatic  classification,  it  felt,  would  pro- 
vide an  excellent  framework  for  studies  relating  site 
index  to  soil  and  topography. 

Different  studies  have  shown  different  factors 
to  be  significant,  depending  on  the  species,  the 
factors  examined,  their  intensity  range,  the  manner 
in  which  they  were  measured  and  expressed,  and 
the  statistical  and  biological  relations  between  the 
"independent"  factors.  Nash  (l'^63)  points  out  that 
"for  an  independent  variable  to  showpartial  correla- 
tion at  a  significant  level,  it  must  be  a  variable 
not  a  relatively  static  quantity."  He  might  have 
added  that  it  must  also  not  be  strongly  correlated 
with  another  independent  variable  which  varies 
even  more  harmoniously  with  site  index. 

In  most  studies,  soil  factors  or  topographicfactors 
that  influence  or  reflect  moisture  supply  have  been 
important  Examples  are  studies  by  Haig  (1929), 
Coile  (1935),  Gysel  and  Arend  (1953),  Young  (1954), 
Weitzman  and  Trimble  (1955),  Trimble  and  Weitz- 
man  ( 1  956),  Zahner,(  1957),  Stoeckeler(  1960),  Cooley 
( 1  962),  Hebb  ( 1  962),  Smalley  ( 1  964),  Carmean  ( 1  965), 
and  Kormanik  (1966),  and  in  the  western  United 
States  Carmean  (1954),  Copeland  (1958),  Zinke 
(1959),  Myers  and  Van  Deusen  (1960),  Choate 
(1961 ),  and  Steinbrenner  (1  965).  The  factors  included 
soil  depth,  stone  content,  soil  texture,  imbibitional 
water  value  of  the  subsoil,  depth  to  mottling,  de- 
gree of  slope,  slope  position,  aspect,  and  the  con- 
cavity orconvexity  of  the  slope. 


Even  without  chemical  soil  analysis,  theapparent 
nutrient  regime  often  seems  important.  Studying 
ponderosa  pine  in  the  Black  Hills,  Myers  and  Van 
Deusen  (1960)  found  soils  derived  from  limestone 
to  differ  in  site  index  from  soils  derived  from  crys 
talline  rocks.  Yawney  (1964)  found  oak  site  index 
in  West  Virginia  to  be  higher  on  soils  from  lime- 
stone that  on  soils  from  shale  and  sandstone.  Min- 
nesoto  aspen  grew  faster  on  calcareous  than  on 
noncalcareous  drift  (Stoeckeler  1960).  In  Ontario, 
Chrosciewicz  (1963)  found  higher  jack  pine  site  in- 
dexes on  glacial  drift  with  a  higher  proportion  of 
basic  minerals,  and  hHeinselman  (1963)  relatedforest 
growth  to  the  mineral  status  of  bog  water  in  north- 
ern Minnesota  peatlands. 

The  importance  of  climate  other  than  microclimate 
is  apparent  from  several  studies.  Zinke  (1959) 
found  the  site  index  of  Douglas-fir  and  ponderosa 
pine  related  to  average  annual  precipitation  in 
northwestern  California.  Stephens  (1965)  found 
that  Douglas-fir  site  index  in  the  Cascade  Range  in 
northwestern  Oregon  varied  substantially  between 
different  great  soil  groups,  an  effect  which  he  said 
"appears  to  be  associated  with  climate."  Stoeckeler 
(1960)  stated  that  aspen  in  the  Turtle  Mountains  of 
North  Dakota  grow  more  slowly  than  in  northern 
Minnesota  because  of  substantially  lessprecipitation. 
When  hiill  et  al.  (1948)  compared  similar  soils  in 
adjacent  counties  of  Washington,  they  found  that 
although  both  received  abundant  precipitation,  the 
sites  with  somewhat  greater  rainfall  had  a  Douglas- 
fir  site  index  about  30  feet  higher  than  those  in  the 
other  area.  Carmean  (1954)  also  found  that  Doug- 
las-fir site  index  increased  with  precipitation  in  south- 
western Washington.  Choate  (1961),  Hayes  and 
Hallin  (1962),  and  Steinbrenner  (1965)  all  found 
elevation  influential,  presumably  through  its  influ- 
ence on  temperature,  precipitation,  or  both.  Jack 
pine  site  index  in  Ontario  differs  from  one  climatic 
section  to  another  (Chrosciewicz  1963).  Latitude 
was  significantly  correlated  with  the  site  index  of 
shortleaf  pine  (Coile  and  Schumacher  1953)  and  that 
of  Dougias-fir  (Choate  1961),  presumably  due  to 
changes  in  temperature  and  possibly  in  precipitation. 

The  suitability  of  a  site  index  estimating  eguation 
usually  is  evaluated  by  examining  the  coefficient 
of  determination  or  the  standard  error.  These  ex- 
press the  overall  accuracy  of  the  estimates  more  or 
less  correctly,  depending  on  howwell  thedistribution 
of  the  variables  meets  certain  prerequisites 
(Ezekiel  1941,  p.  16.).  Covell  and  McClurkin  (1967) 
observed   that    equations   for    estimating   site  index 


from  habitat  variables  seldom  account  for  more  than 
50  to  60  percent  of  the  site  index  variance.  Their 
own  equation,  for  loblolly  pine  on  a  single  soil 
series,  accounted  for  63  percent  of  the  site  index 
variance  although  a  wide  longitudinal  range  was 
included  (Alabama  to  Texas).  Myers  and  Van  Deu- 
sen (1960)  related  ponderosa  pine  site  index  to 
habitat  factors,  for  the  limestone  area  and  separately 
for  the  area  of  metamorphic  rocks,  in  the  Black 
Hills.  Each  of  their  eguations  accounted  for  80  per- 
cent of  the  site  index  variation.  Carmean  (1965), 
working  with  black  oak  in  southeastern  Ohio, 
developed  a  different  equation  for  each  of  two 
soil  textural  groups.  Like  a  number  of  workers, 
he  used  a  transformation  of  height  as  the  dependent 
variable  and  age  as  an  independent  variable.  Each 
of  his  equations  accounted  for  80  percent  of  the 
variance  in  tree  height,  probably  due  to  narrowly 
and  appropriately  defined  study  universes.  That 
is  not  as  good  as  accounting  for  80  percent  of  the 
site  index,  however.  ,  The  variance  in  height  was 
considerably  greater  than  the  site  index  variance 
would  have  been,  and  a  large  part  of  it  is  account- 
ed for  by  age. 

Areas  such  as  the  Rocky  Mountains  of  Colorado 
comprise  a  complex  of  environmental  variables, 
many  of  which  have  a  wide  range  of  variability 
even  within  a  single  cover  type.  These  variables 
may  limit  biological  behavior  in  a  variety  of  com- 
binations; many  interact  ecologically  and  are  con- 
founded statistically.  In  such  an  area,  the  factorial 
approach  by  itself  seems  unlikely  to  provide  a  use- 
ful estimator  of  productivity.  It  has  proved  useful, 
however,  when  used  within  narrow  subdivisions  of 
a  regional  environment  — for  example,  the  two  pri- 
mary geological  subdivisions  of  the  Black  Hills  (Myers 
and  Van  Deusen  1960).  To  divide  the  Colorado 
Rockies  into  units  of  comparable  climatic-geologic 
homogeneity  might  require  a  more  formal  classi- 
fication incorporating  several  criteria— a  holistic 
classification  as  a  framework  for  the  factorial 
approach. 


Holistic  Approaches 

In  one  holistic  approach,  the  environment  is 
classified  by  classifying  the  landscape  as  a  whole. 
That  is  the  basis  of  the  soil  survey  approach  and 
German  site  mapping.  It  is  also  the  working  basis 
of  the  physiographic  site  classification  of  G.  A.  Hills 
(1952  et  seq.). 
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Another  holistic  approoch  is  to  develop  a  theore- 
tical though  more  or  less  arbitrary  model  of  the 
environment,  measure  or  estimate  the  necessary 
environmental  variables,  and  incorporate  them  in 
the  model.  This  is  the  conceptual  basis  of  Hills' 
physiographic  site  classification.  Loucks  (1962b) 
and  Jones  (1967b)  carried  it  further  in  ordinating 
forest  environments  in  New  Brunsv/ick  and  in  the 
Southern  Rocky  Mountains,  respectively. 

Holistic  approaches  v/ill  be  discussed  as  ( 1 )  soil 
survey,  (2)  German  forest  soil  maps,  (3)  Hills'  phys- 
iographic site  types,  and  (4)  environmental  ordi- 
nation. 

Soil  Survey.^  — Retzer  (1958)  criticized  the  fac- 
torial approach  as  providing  only  a  productivity 
appraisal.  Other  purposes  would  reguire  remapping 
the  management  area  on  other  bases.  He  felt 
that  mapping  soil  taxonomic  units  provides  a  sound 
general  basis  for  wild  land  management  including 
productivity  appraisal. 

A  soil  is  not  simply  a  soil  profile  with  certain 
characteristics.  It  is  a  three-dimensional  segment 
of  the  landscape  with  a  characteristic  profile  and 
shape.  Soil  surveys  divide  the  landscape  into  taxo- 
nomic units.  Available  forest  soil  survey  maps  are 
based  either  on  the  recent  7th  Approximation  classi- 
fication (Soil  Survey  Staff  1960)  or  on  the  preceding 
classification  (Soil  Survey  Staff  1951).  In  either 
case,  the  basic  mapping  taxon  is  the  soil  series. 
The  differences  between  series  are  narrow.  Series 
including  more  than  one  surface  soil  texturol  class 
may  be  subdivided  into  types  according  to  texture. 
Phases  may  also  be  recognized,  based  on  soil  depth, 
stoniness,  slope,  and  the  like  (Soil  Survey  Staff 
1951).  Series  are  defined  and  recognized  by  charac- 
teristics of  the  soil  profile  that  reflect  the  climate, 
organisms,  topography,  parent  material,  and  time 
(Jenny  1941).  Some  of  the  classifying  criteria  hove 
direct  significance  to  plants,  and  soil  phases  are 
delineated  by  characteristics  important  to  ecology 
and  land  management. 

The  utility  of  soil  maps  in  ecology  or  wild  land 
management  depends  on  whether  the  units  defined 
are    sufficiently    uniform    ecologically.      This  in  turn 


^In  this  paper,  "soil  survey"  refers  to 
the  olassification  and  mapping  of  landscapes  by 
the  Soil  Survey  Staff  of  the  U.  S.  Department 
of  Agriculture  and  by  other  public  and  private 
agencies  using  their  classification  and  methods. 


depends  on  the  degree  of  coincidence  of  the  classi- 
fication criteria  with  the  characteristics  of  greatest 
relevance  to  problems  of  forest  management.  Coile 
(1960),  a  man  of  wide  experience  in  relating  south- 
eastern soils  to  forest  growth,  felt  that  the  coinci- 
dence is  inodeguate,  at  least  for  evaluating  yield 
capacity. 

The  evidence  is  not  conclusive.  In  most  papers 
only  the  soil  series  is  given  and  phases  are  not 
differentiated. 

Zinke  (1961)  found  ponderosa  pine  site  indexes 
(index  age  300)  ranging  from  107  to  180  feet  on 
the  Underwood  series  in  California;  average  annual 
precipitation  ranged  from  15  to  35  inches.  Site 
indexes  on  the  Shaver  series  varied  from  89  to 
182  feet,  with  average  annual  precipitation  of  12 
to  55  inches'  Covelland  McClurkin  (1967)  found 
loblolly  pine  site  indexes  ranging  from  59  to  105 
feet  on  89  plots  on  the  Ruston  series. 

Stoeckeler  ( 1  960)  found  that  soil  types  estimated 
aspen  site  index  fairly  closely  on  his  plots  in  north- 
ern Minnesota  and  northern  Wisconsin.  The  summer 
climates  sampled  were  not  very  heterogeneous, 
however,  and  he  purposely  did  not  sample  rough 
topography  or  habitats,  the  site  index  of  which 
might  be  influenced  by  slope  or  aspect. 

Phillips  and  Markley  (1963)  presented  site  in- 
dexes (index  age  50)  for  New  Jersey  sweetgum 
by  soil  series.  Eight  series  were  represented  by 
at  least  three  plots  each.  They  had  the  following 
site  index  ranges  and  sample  sizes: 


Series 


Plots 


SI   range 
(Feet) 

2 

4 

9 

9 

12 
15 
21 
23 


The  authors  (pp.  14-16)  imply  that  recognition  of 
drainage  phases  and  water  table  phases  in  some 
series  would  have  improved  estimates  appreciably. 


(Number) 

Othello 

3 

Matlock 

3 

Bayboro 

5 

Adelphia 

5 

Rancocas 

5 

Weeksville 

3 

Bustleton 

5 

Keansburg 

10 
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It  seems  clear  that  series  clone  ore  too  hetero- 
geneous ecologically  to  serve  as  a  basis  for  evalu- 
ating timber  productivity,  and  probably  would  prove 
too  heterogeneous  for  other  purposes  too.  Cox 
at  al.  (I960)  showed  the  improvement  that  might 
be  expected  in  the  Rocky  Mountains  when  appro- 
priate phases  are  recognized. 

On  the  Pacific  Coast,  series  and  phases  of  wild 
land  soils  have  been  mapped  (U.  S.  Forest  Service 
1954).  Types  have  also  been  differentiated  on  some 
maps  (Gehrke  and  Steinbrenner  1965),  presumably 
when  series  have  considerable  textural  diversity. 
Phases  are  defined  not  only  by  ecologically  relevant 
characters  of  soil  and  topogrophy,  but  for  some 
series  even  by  the  amount  of  precipitation  (Sauer- 
wein  1965).  Three  agencies  survey  wild  land  soils 
in  California.  The  U.  S.  Soil  Conservation  Service 
maps  soils,  while  the  California  Cooperative  Soil- 
Vegetation  Survey  maps  soils  and  vegetation  to- 
gether, as  does  the  California  Region  of  the  U.  S. 
Forest  Service  (Zinke  and  Colwell  1965).  Vegetation 
mapping  provides  a  vegetation  inventory  as  well 
as  a  classification  refinement. 

By  1963  over  30  million  acres  of  wild  land  soils 
had  been  mapped  in  California  (Bradshaw  1965). 
Other  large  areas,  including  industrial  forests,  have 
been  mapped  in  Oregon  (Corliss  and  Dyrness  1965, 
Gehrkeand  Steinbrenner  1965,  Sauerwein  1965, 
Stephens  1965). 

The  writer  has  seen  no  data  other  than  site  in- 
dexes by  which  the  units  delineated  by  soil-vege- 
tation surveys  can  be  evaluated  as  ecologically 
homogeneous  units.  It  seems  certain,  however,  that 
all  the  pieces  of  land  on  "0"  National  Forest  de- 
signated   soil   series  X  phase  ab  and  bearing  veqe- 

OY   321  ay 

tation  type  — prj will  be  rather  similar  habitats. 

One  drawback  to  soil  survey  as  a  habitat  classi- 
fication in  forestry  is  the  large  and  cumbersome 
number  of  mapping  units— normally  series  and 
phases.  On  50,000  acres  in  the  foothills  and  west 
slope  of  the  Oregon  Cascades,  50  different  mapping 
units  were  recognized  (Sauerwein  1965),  and  on 
1  28,000  acres  in  the  Georgia  Piedmont,  73  mapping 
units  were  recognized  (Byrd  et  al.  1965). 

On  the  other  hand,  that  multiplicity  gives  the 
system  versatility.  Soil  survey  classification  is  not 
really  an  ecological  classification,  but  only  a  basis 
for  one.  After  the  landscape  has  been  classified 
and  mapped,  the  mapping  units  must  be  interpreted 
for  silvicultural  or  other  purposes  (Wertz  1966). 
For  example,  interpretation  data  may  indicate  that 
the     61      soil    mapping    units    of    an    area    can    be 


grouped  into  seven  sets  for  the  rough  classification 
of  timber  productivity,  and  differently  into  six  other 
sets  for  prescribing  reforestation  methods.  It  then 
becomes  possible  to  make  simpler  special-purpose 
maps  from  the  detailed  general  map  of  soil  series 
and  phases. 

The  uses  of  the  soil  survey  classification  of  wild 
lands  include  not  only  productivity  evaluation,  but 
evaluation  of  erosion  and  sedimentation  hazards, 
trafficability,  forest  regeneration  problems,  and  for- 
est disease  and  insect  problems  (Bradshaw  1965, 
Corliss  and  Dyrness  1965,  Orr  1965,  Richlen  et  al. 
1965,  Sauerwein  1965). 

One  might  guestion  the  use  of  a  primarily  pedo- 
logical  classification  for  wild  land  management. 
The  classification  is  based  mainly  on  characteristics 
that  reflect  profile  development,  and  are  related  to 
forest  ecology  only  indirectly  and  loosely.  The 
opportunity  to  include  features  with  specific  silvi- 
cal  importance  comes  only  in  the  recognition  of 
soil  phases.  Making  the  maps  as  useful  as  they 
could  be  by  recognizing  all  the  appropriate  phases 
is  likely  to  result  in  maps  that  are  needlessly  hard 
to  interpret.  For  forestry  purposes,  pedological 
mapping  might  better  end  with  great  soil  groups 
or  subgroups,  which  could  be  subdivided  into  eco- 
logically defined  phases.  Much  more  ecological 
information  could  be  included  in  a  given  number 
of  mapping  units. 

German  forest  soil  mops.— Wittich  (1962)  de- 
scribed in  English  the  classification  and  mapping 
of  German  landscapes  for  forestry  purposes.  A 
separate  classification  is  made  for  each  "growth 
district."  The  first  level  of  classification  recognizes 
genetic  soil  groups  equivalent  to  "great  soil  groups" 
or  "little  soil  groups"  in  America,  and  much  broader 
than  our  soil  series.  Further  classification  reflects 
solely  the  effects  of  the  soil,  parent  material,  and 
topography  on  the  forest;  the  criteria  are  ecological 
rather  than  primarily  pedological.  The  classification 
is  based  on  examination  and  interpretation  of  many 
soil  pits  and  the  associated  vegetation  and  timber. 
The  soil  mapping  types  or  "site-units"  (Standorts- 
Einheiten),  though  defined  by  soil  characteristics, 
are  as  uniform  as  feasible  in  ground  vegetation  and 
timber  productivity. 

After  the  classification  is  complete,  topography, 
vegetation,  and  stand  characteristics  are  used  as 
guides  so  far  as  possible  in  mapping  the  district 
soils,  somewhat  as  in  American  soil  survey.  Be- 
cause the  German  mapping  types  are  largely   eco- 
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logically  defined,  however,  they  probably  are  more 
closely  related  to  vegetation  and  stand  characteris- 
tics than  are  American  soil  phases.  This  should 
make  them  silvically  more  homogeneous  as  vvell 
as  easier  to  map. 

Hills'  physiographic  site-types.  — G.  A.  Hills  of 
Canada  developed  a  "total  site"  classification.  He 
defined  total  site  as  "an  integrated  complex  of 
climate,  relief,  geologicmaterials,  soil  profile,  ground 
water  and  communities  of  plants,  animals  and  man" 
(Hills  1955,  p.  120).  Actually  it  is  a  classification 
of  the  physical  environment,  and  the  basic  units 
are  physiographic  site-types.  The  vegetation  helps 
to  set  the  physical  definitions  of  the  physiographic 
site-types,  however,  and  aids  in  field  identification 
(Hills  1955,  p.  5),  as  in  the  German  system.  After 
the  sites  have  been  classified,  the  plant  communi- 
ties on  each  physiographic  site-type  are  described 
and  their  successional  dynamics  are  discussed. 

Hills  presented  his  concept  and  methods  in  es- 
sentially their  fully  developed  form  for  the  first 
time  in  1952,  and  discussed  them  further  in  sub- 
sequent papers  (Hills  1953,  1955,  1960,  1961a, 
1962,  Hills  and  Pierpoint  1960).  He  recognized 
the  environment  as  a  complex  whole,  and  as  a 
working  basis  recognized  three  environmental  re- 
gimes: climate,  moisture,  and  nutrients.  Each  is 
treated  separately  from  the  others,  but  the  same 
environmental  elements  might  be  considered  in 
more  than  one  regime.  For  example,  soil  colloids 
are  significant  to  both  moisture  and  nutrient  regimes, 
and  topography  to  both  climate  and  moisture  regimes. 

Macroclimate  is  held  essentially  constant  by 
working  within  geographic  sections,  either  those 
of  Rowe  (1959)  or,  in  Ontario,  Hills'  own.  Within 
a  region,  microclimates  are  classified  into  10  levels 
from  warmest  to  coldest.  Assignment  to  a  micro- 
climatic rank  is  based  on  topographic  situation, 
air  drainage,  and  presence  of  a  water  table  at 
or  near  the  surface. 

The  other  regimes  are  also  subdivided  into  10 
intensity  classes.  Assignment  to  a  moisture  rank 
is  based  on  the  "pore  pattern"  of  the  soil  — a  func- 
tion of  texture  and  structure  — and  on  soil  depth, 
topographic  situation,  and  water  table.  Nutrient 
rank  is  based  on  pore  pattern,  parent  material, 
and  profile  development. 

In  a  sense  this  is  an  ordination -system  in  which 
units  are  assigned  ordinates  on  other  than  quanti- 
tative bases. 


As  in  soil  survey  and  vegetation  classification, 
in  Hills'  system  a  habitat  is  assigned  to  a  classi- 
fication unit  according  to  the  practitioner's  judgment. 
Hills'  concept,  chorts,  and  tables  provide  a  con- 
trolling frame  of  reference  and  evaluation  aids. 
Hodgkins  (1960),  after  reading  a  regional  physio- 
graphic site-type  classification  (Bedell  and  Maclean 
1952),  concluded  that  it  would  be  difficult  for  a 
mapper  to  identify  all  of  Hills'  site-types  with  pre- 
cision because  of  vagueness  and  overlapping  in 
<;ome  of  the  site-type  descriptions.  Rowe  (1962), 
a  Canadian  himself,  wrote; 

The  close  integration  and  mutual  dependence 
of  all  elements  at  all  levels  in  the  classification 
makes  Hills'  system  difficult  to  comprehend  and 
to  apply  by  any  except  those  who  have  worked 
in  close  association  with  him. 

Both  physiographic  site-type  classification  and 
soil  survey  classify  the  landscape  directly,  but  Rowe 
(1962)  pointed  out  an  important  difference.  In  soil 
survey  the  soil  profile  type  is  of  key  importance. 
In  contrast,  different  profile  types  occur  within  the 
same  physiographic  site-type.  Hills  considers  pro- 
file only  within  the  framework  of  a  land-form  classi- 
fication, and  then  only  so  far  as  it  seems  relevant 
to  forest  dynamics. 

Compared  to  soil  survey,  physiographic  site-type 
classification  of  an  area  results  in  far  fewer,  and 
therefore  more  inclusive,  mapping  units.  None- 
theless, the  units  may  well  be  as  homogeneous 
ecologically  as  those  of  soil  survey  because  they 
are  delineated  entirely  by  factors  that  seem  eco- 
logically important.  Bedell  and  Maclean  (1952) 
classified  approximately  8  million  acres  (as  judged 
from  the  map)  of  a  topographically  diverse  forest 
section  north  of  lake  Superior.  They  defined  only 
16  physiographic  site-types.  In  the  larger  Clay  Belt 
Section  of  eastern  Canada  they  differentiated  17 
site-types  (Maclean  and  Bedell  1955),  while  in  a 
50-million-acre  section  of  northern  Alberta,  Duffy 
(1965)  defined  12  site-types. 

Perhaps  this  relative  simplicity  would  be  less 
in  the  mountainous  West.  A  system  similar  to 
Hills'  was  used  by  locate  (1965)  to  classify  and 
map  mountain -habitats  fn  British  Columbia.  On 
9,800  acres  of  rugged  land  with  a  complex  of  soil 
parent  materials— tills,  colluvium,  alluvium,  outwash, 
and  lacustrine  deposits— he  classified  and  mapped 
40   physiographic    site-types.      Whether    that    larger 
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number  is  entirely  the  result  of  greater  environ- 
mental complexity  or  to  some  extent  of  finer  split- 
ting cannot  be  evaluated  from  a  distance. 

Farror  (1962)  felt  that,  for  use  in  the  moun- 
tainous West,  physiographic  site  classification  should 
consider  precipitation  in  the  moisture  regime. 

Physiographic  site-type  classification  serves  sev- 
eral purposes.  The  units  are  intended  to  be  approxi- 
mately homogeneous  in  timber  productivity  and 
successional  dynamics,  and  consequently  a  good 
basis  for  productivity  evaluation  and  silvicultural 
prescription.  Pierpoint  ( 1  962)  provided  an  example 
of  the  classification  of  a  large  area,  with  complete 
mapping  of  site-types  and  detailed  description  of 
vegetation  and  succession.  Physiographic  site-types 
also  have  served  as  the  basis  for  land  use  capability 
ratings  which  consider  the  potential  for  agriculture, 
wildlife,  and  recreation  as  well  as  for  timber  pro- 
duction (Hills  1961b). 

For  interregional  comparisons,  Hills'  system  in- 
cludes universal  as  well  as  regional  scales.  As  it 
apparently  provides  no  effective  way  of  assigning 
macroclimatic  values,  the  meaning  of  such  com- 
parisons seems  limited. 

Environmental  ordination.  — In  ordinating  envi- 
ronments, one  or  more  environmental  gradients 
are  defined.  Each  ordinate  integrates  relevant 
habitat  factors  by  means  of  a  theoretical  model 
and  the  available  data.  For  example,  Thornthwaite 
and  Mather's  (1955)  annual  "soil  moisture  deficit" 
is  a  moisture  regime  ordinate  that  integrates  ex- 
perimental data  on  precipitation,  evapotronspiration 
stress,  soil  moisture  storage  capacity,  and  so  forth. 

In  the  Green  River  drainage  of  New  Bruns- 
wick, Loucks  |1962b)  applied  scaling  to  Hills'  en- 
vironmental regimes.  Whereas  Hill  integrated 
factors  subjectively,  using  insight  and  trained  judg- 
ment, Loucks  integrated  them  using  theoretical  but 
defined  relationships  of  factors  to  one  another  and 
to  plants.  He  related  the  composition  and  structure 
of  forest  communities  to  the  resulting  environmental 
ordinates,  or  "scalars." 

The  way  in  which  Loucks  constructed  his  "syn- 
thetic moisture  regime  scalar"  illustrateshis  methods 
in  general.  This  scalar,  which  he  terms  "a  first 
approximation,"  includes  only  londscapefactors.  Pre- 
cipitation is  assumed  to  be  essentially  uniform  within 
the  area  studied,  and  evapotronspiration  is  dealt 
with  separately  and  indirectly  outside  the  moisture 
regime    scalar.       The   moisture   regime   scalar    is   a 


synthesis  of  two  subordinate  scalars.  One  combines 
the  water-holding  capacity  of  the  soil  and  depth  to 
water  table.  The  other,  called  the  runoff  scalar, 
combines  degree  of  slope  and  topographic  position. 
In  the  Green  River  drainage,  Loucks  found  that... 

on  soils  where  the  prevailing  water  table  occurs 
within  7  ft  of  the  surface. ..little  or  no  relation- 
ship exists  between  water-holding  capacity  and 
forest  composition.  This  is  to  be  expected,  in 
view  of  the  high  precipitation  and  sustnined 
supply  of  ground  water. 

Consequently,  water-holding  capacity  wasintegrated 
into  the  moisture  regime  scalar  only  for  habitats 
with  the  water  table  below  7  feet.     Furthermore,... 

a  difference  of  1  ft  in  the  depth  to  the  water 
table  in  shallow  soils  results  inconsiderably  more 
change  in  the  vegetation  than  a  difference  of 
1  ft  where  the  water  table  is  deeper.  The 
gradient  is  therefore  considered  to  be  logarith- 
mic. The  range  in  depth  to  the  water  table  from 
zero  to  several  feet  can  be  expressed  as  a 
scalar  beginning  with  zero,  by  adding  unity 
to  the  observed  depth,  and  using  the  bose-lO 
logarithm  of  the  sum. 

Quoting    Loucks    again,    but    deleting   citations, 
the  runoff  scalar  was  based  on  these  considerations: 


Two  separate  [literature]  sources  indicate  that 
average  [storm]  run-off,  in  percent,  rises  sharply 
with  initial  increase  in  slope  to  about  18%  on  a 
slope  of  10%.  Thereafter,  increase  in  run-off 
is  more  gradual.  Average  run-off  values. ..at 
regular  intervals  of  percent  slope  may  then  be 
used  to  calculate  the  retention  of  heavy  rains 
plotted  in  [Figure  4].  The  overage  fall  of  rain 
has  been  expressed  as  unity.  On  a  horizontal 
surface  all  of  it  is  retained.  On  a  20%  slope 
21%  is  lost  in  run-off,  and  assuming  little  or  no 
replacement  at  the  slope-crest  position,  0.79 
of  the  rainfall  is  retained.  Farther  downslope, 
the  21%  run-off  is  added  to  the  unit  rainfall; 
a  21%  loss  of  this  total  leaves  a  retention  of 
0.96.  Slopes  of  5%  gradually  come  to  equili- 
brium, loss  equalling  gain.  At  the  foot  of  the 
slope,  however,  on  overage  net  run-off  of  1% 
results  in  anoccumulation,  theomountdepending 
on  the  antecedent  slopes. 
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The    synthetic    moisture  regime  scalar  was  then 
constructed  as  follows: 

Field  observations  indicate  that  on  well- 
drained  soils  the  effects  of  run-off  are  only  half 
as  important  as  water-holding  capacity.  Thus, 
fin  Figure  5,]  the  slope  of  synthetic  scalar  units 
of  equivalent  magnitude  was  established  as 
y  =  2x  in  the  area  where  run-off  effects  are  near 
neutral  and  the  water  table  is  beyond  7  ft. 
Because  run-off  as  a  moisture  factor  is  neg- 
ligible where  the  water  table  is  at  or  near  the 
soil  surface,  the  slope  of  the  relationshipchanges 
gradually  from  deep  to  high  water  tables. 
Therefore,  the  original  y  =  2x  slope  was  ex- 
tended beyond  the  upper  margin  to  intersect 
with  the  right  hand  margin  of  the  nomogram, 
the  zero  depth  to  water  table.  The  angle  sub- 
tended at  this  intersection  by  the  entire  range 
in  run-off  and  depth  to  prevailing  water  table 
was  divided  equally  into  the  10  units  of  the 
synthetic  Moisture  Regime  scalar.  Thus,  pro- 
portionately less  emphasis  is  given  the  run- 
off component  under  conditions  of  a  high  water 
table. 


ViguAt  5. — MomogfLCun  (,0A  a  ^ynthdtia  mo-idtuAQ. 
fidgma  6caIaA.     Poiitlom,  o^  iomplu  uitid 
in  thd  itudy  oAe  -indicated  by  thz  dots 
{Lodcin    1962b].      {RzpAA.nte.d  W-vth  pcArnl&^ion 
{,Xom  ?fio(^^60fi  Louck6  and  {^nom  Vakz.  Uni- 
veAi,.itg  ?KeA6 . ) 
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[Rtpfiintzd  Ml.th  poAmliilon  {jfiom  ?fio{jt6iofi 
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The  more  complex  synthetic  nutrient  regime 
scalar  integrates  silt-plus-clay  content  of  the  soil, 
depth  of  solum,  Ai  horizon  minus  A2  horizon,  the 
degree  of  organic  decomposition,  and  the  runoff 
scalar  already  mentioned.  Parent  material  was 
essentially  uniform  throughout  the  study  area,  so 
it  was  not  included. 

The  synthetic  local  climate  regime  scalar  is  a 
synthesis  of  slope  and  aspect  as  they  affect  daytime 
temperatures,  elevation  and  topographic  position  as 
they  influence  nighttime  temperatures,  and  the 
thermal  effect  of  soil  moisture  as  expressed  by  the 
moisture  regime  scalar. 

Of  necessity,  Loucks'  pioneer  scalars  include 
abundant  assumptions  and  relatively  modest  sup- 
porting data.  With  them  he  illustrated  a  new  ap- 
proach to  habitat  evaluation,  and  worked  out  basic 
methods.  The  natural  distribution  of  forest  species 
within  the  resulting  continuum  model  suggests  that 
even  this  first  model  is  a  reasonable  approximation 
of  nature.     He  did  not  try  to  re'ate  site  index  to  it. 
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Jones  (1967b)  was  assigned  the  development  of 
on  equation  for  estimating  aspen  site  index  in  Colo- 
rado and  northern  New  Mexico  from  habitat  factors. 
Aspen  forest  in  that  region  occurs  from  about  8,000 
feet  elevation  to  nearly  11,000  feet,  in  climatic 
areas  with  moisture  deficits  varying  from  brief 
and  mild  to  long.  The  length  and  warmth  of  grow- 
ing seasons  differ  substantially.  Stands  occur  on 
level  tablelands  and  on  moderate  and  steep  moun- 
tain slopes  of  every  aspect,  and  on  shallow  stony 
soils  as  well  as  deep  heavy  soils.  Soils  are  derived 
from  a  wide  variety  of  parent  materials  He  con- 
cluded that  the  factorial  approach  was  not  suited 
to  more  than  local  equations  in  a  region  where  so 
many  variables  might  be  limiting  and  in  such  a 
variety  of  combinations.  For  this  reason  he  turned 
to  ordination. 

Moisture  regime  and  temperature  regime  or- 
dinates  were  developed.  Because  of  moderate  or 
high  site  indexes  on  several  plots  very  low  in 
nutrients,  it  was  concluded  that  a  nutrient  regime 
ordinate  was  not  needed. 

The  temperature  regime  ordinate  was  defined  as 
the  total  number  of  degrees  by  which  the  average 
daily  maximum  temperatures  for  the  months  ex- 
ceeded a  threshold  temperature.  It  integrates  the 
length  and  warmth  of  the  growing  season  and  is 
analogous  to  degree-days.  The  temperature  regime 
ordinates  of  plots  were  estimated  by  a  regression 
equation  for  the  appropriate  subregion,  with  ele- 
vation and  latitude  used  as  independent  variables. 

A  number  of  factors  were  incorporated  in  the 
moisture  regime  ordinate.  Multiple  regressions  were 
developed  from  published  precipitation  records  and 
variables  from  topographic  maps  to  estimate  the 
normal  precipitation  of  any  month  for  any  plot  in 
the  region.  Other  equations  were  developed  to 
estimate  average  monthly  temperatures,  which  in 
turn  were  adjusted  according  to  the  theoretical 
monthly  direct  beam  insolation  as  determined  by 
slope  and  aspect.  Thornthwaite  and  Mather's  (1957) 
tables  for  estimating  soil  moisture  deficits  were 
used  to  integrate  the  effects  of  estimated  normal 
monthly  precipitation,  adjusted  mean  monthly  tern 
peratures,  and  the  water-holding  capacity  of  the 
soil.  The  latter  incorporates  soil  depth,  percentage 
of  the  profile  occupied  by  stone,  and  soil  texture. 
The  procedures  deviate  from  those  of  Thornthwaite 
and  Mather,  and  the  habitats  involved  fall  outside 
the  universe  which  their  tables  properly  represent. 
The  resulting  plot  value  was  therefore  regarded  as 


an  abstract  climate-soil  moisture  index  ratherthanos 
an  estimate  of  the  soil  moisture  deficit  in  inches. 
A  runoff  index  was  developed  to  express  the 
effects  of  runoff  inflow  and  outflow  on  soil  moisture. 
It  incorporated  seasonal  moisture  surplus,  the  con- 
cavity, straightness  or  convexity  of  the  topographic 
profile  and  contour,  and  the  presence  or  absence 
of  an  accessible  water  table. 

The  climate-soil  moisture  index  and  the  run- 
off index  were  then  combined  into  a  single  moisture 
regime  ordinate. 

Plots  were  established  to  sample  the  environ- 
mental range  of  aspen  stands  in  the  region.  The 
temperature  regime  and  moisture  regime  ordinates 
were  calculated  for  each  plot,  and  the  multiple  re- 
gression of  site  index  on  the  two  environmental 
ordinates  was  computed.  Both  partial  regression 
slopes  were  statistically  significant  and,  combined, 
accounted  for  a  little  more  than  30  percent  of  the 
total  site  index  variation. 

Various  assumptions  made  in  constructing  the 
ordinates  probably  caused  much  of  the  unaccounted- 
for  variation  in  site  index.  A  consideration  of  aspen 
genetics,  ecology,  and  sexual  and  asexual  repro- 
duction suggested  that  another  substantial  port  of 
the  site  index  variability  probably  resulted  from 
genetic  variability  between  clones  in  the  Southern 
Rocky  Mountains.  Clonal  genetic  variability  was  very 
largely  interplot  variability,  and  its  effects  were 
therefore  confounded  with  habitat  effects.  This 
problem  in  evaluating  aspen  sites  was  discussed 
by  Zahner  and  <"rawford  '  1  965i 

As  with  vegetation  ordination,  environmental 
ordination  can  be  either  broad  and  unspecialized. 
like  that  of  Loucks,  or  aimed  at  a  specific  and  nar- 
row purpose,  as  Jones'.  Environmental  ordination 
differs  from  vegetation  ordination  in  two  important 
ways,  however: 

1     An     environmental     ordination     reflects    how    we 
believe    the    environmental    factors    act    together 
to    influence    plants.       Therefore,    the    success   of 
that    ordination     is     limited     by     how    correct    our 
understanding  is. 
2.  As    we    improve   our    understanding    of    how    en- 
vironmental  factors    interact    to    influence  plants, 
we  can  provide  improved  environmental  ordina- 
tions. 
So   far,    environmental    ordination   is"  in  a  primi- 
tive   stage    of    development.      Theoretically    it    has 
much    to    recommend    it,    but    its    actual    worth    has 
not  yet  been  demonstrated. 
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Summary  and  Conclusions 

Rowe  (1962)  points  out  that  "purpose  is  im- 
plicit in  all  classifications  and  different  purposes 
lead  to  different  classifications."  Tfie  different  back- 
grounds of  different  classifiers,  and  thie  different 
climates,  terrain,  and  vegetation  of  thie  regions 
whiere  they  work  also  lead  to  different  classifica- 
tions. Cajander's  (1909,  1926)  system  of  forest 
site-types  resulted  from  a  botanist  looking  at  re- 
latively simple  ecosystems  in  a  country  v/ith  a  sub- 
dued terrain,  a  subcontinental  boreal  climate,  and 
a  flora  of  unusual  paucity.  Coile's  (1938)  criticisms 
of  it  grew  from  his  experience  as  a  soils  scientist 
in  a  region  of  deep  soils,  very  rich  flora,  and  much 
more  diverse  secondary  succession. 

Every  approach  discussed  here  seems  valid  and 
valuable  for  some  purposes  and  in  some  conditions. 

So  for  as  forestry  is  concerned,  the  primary 
purposes  of  site  classification  or  ordination  are  (1) 
to  identify  productivity,  and  (2)  to  provide  a  frame 
of  reference  for  silvicultural  diagnosis  and  prescrip- 
tion. In  the  United  States  to  date,  most  attention 
has  been  given  to  the  first  purpose— identification 
of  productivity.  We  have  given  very  little  attention 
specifically  to  classification  or  ordination  for  the 
second  purpose.  Systems  that  might  be  well  suited 
to  the  second  purpose  have  been  recommended 
for  the  identification  of  productivity  instead,  and 
criticized  as  unsuited  to  it. 

Where  it  can  be  used,  site  index  identifies  pro- 
ductivity most  directly  and  perhaps  best.  It  is  also 
very  useful  in  the  development  or  application  of 
supplementary  and  alternative  approaches. 

The  factorial  approach  can  identify  productivity 
satisfactorily  when  site  index  cannot  be  used,  pro- 
viding the  eguation  or  table  is  developed  and  used 
in  a  universe  where  the  limiting  variables  are  nei- 
ther too  numerous  nor  their  relationships  too  com- 
plex. In  some  physiographic  provinces,  a  factorial 
site  index  eguation  may  apply  to  a  rather  extensive 
area.  It  probably  would  be  necessary  to  subdivide 
some  other  provinces  into  a  number  of  subprov- 
inces  defined  by  climate,  geology,  physiography, 
or  some  other  characteristics,  developing  a  different 
equation  for  each. 

Vegetation  classification,  soil  (actually  landscape) 
classification,  and  classification  of  physiographic  site- 
types  have  the  advantage  of  being  readily  used 
for  mapping.  For  forest  management  purposes, 
maps  of  vegetation  types  or  landscape  units  have 
great  potential  value.    Results  of  silvicultural,  patho- 


logical, and  mensurational  research  can  be  referred 
to  the  conditions  to  which  they  apply,  making  silvi- 
cultural prescriptions,  for  example,  much  likelier 
to  succeed.  The  mapping  units  by  themselves, 
in  some  cases,  may  identify  productivity  adequately. 
Where  they  do  not,  they  would  define  narrow  uni- 
verses for  the  simple  and  accurate  use  of  the  fac- 
torial approach.  Once  such  maps  are  available  and 
silvicultural  and  mensurational  research  has  been 
correlated  with  the  mapping  units,  site  evaluation 
and  reliable  silvicultural  prescription  often  will  be 
primarily  a  matter  of  consulting  a  map,  with  field 
checks  when  desirable. 

Detailed  soil  survey  maps— as  detailed  as  those 
for  agricultural  land  — are  becoming  available  for 
many  areas,  particularly  in  the  southeast.  In  such 
areas  these  maps  undoubtedly  will  serve  as  the 
primary  basis  for  site  evaluation,  even  though  some 
other  approach  might  have  been  preferable. 

The  German  approach  to  landscape  mapping 
seems  more  appropriate  for  forestry  than  does  the 
Soil  Survey  approach.  Where  soil  survey  maps  are 
available,  they  could  make  the  German  approach 
easier  by  providing  abundant  soil  information  as 
well  as  an  initial  segregation  into  broad  genetic 
soil  groups.  The  soil-vegetation  maps  available 
in  some  areas  would  also  be  useful  in  the  initial 
correlation  of  landscape  characteristics  and  vege- 
tation in  the  German  approach. 

Hills'  approach  may  also  be  preferable  to  that 
of  Soil  Survey.  It  is  difficult  tc  compare  Hills'  ap- 
proach with  that  of  the  Germans.  In  concept  they 
are  very  different,  but  in  practice  they  seem  to 
have  much  in  common.  Wittich's  (1962)  description 
suggests  the  Germans  subdivide  more  finely. 

Theoretically  it  should  be  possible  to  map  syne- 
cological  or  environmental  ordinates  by  entering 
point  values  on  a  map  and  drawing  isolines.  Such 
mapping  seems  impractical,  however,  because  of 
gradient  discontinuities  and  reversals.  On  the  other 
hand,  ordination  of  either  vegetationor  environment 
should  prove  useful  in  classifying  vegetation  or  land- 
scapes. Ordination  can  provide  a  continuum  model 
or  coordinate  field  within  which  plots  can  be  re- 
lated to  one  another  by  their  coordinates 
(see  fig.  3).  This  can  provide  a  primary  basis  for 
deciding    what    conditions    should    be    included    to- 

^Letter  from  Professor  Earl  J.  Hodgkins, 
Auburn  University^  Auburn,  Alabama  to  G.  Lloyd 
Hayes,  Rooky  Mountain  Forest  and  Range  Experi- 
ment Station,  Fort  Collins,  Colorado.  June  6, 
1968. 
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qether  in  a  type  for  mapping.  Vegetation  types 
or  landscape  units  could  then  be  defined  initially 
by  the  set  of  ordinates  that  each  includes.  More 
easily  recognized  criteria  would  then  be  developed 
for  field  mapping.  Determination  of  ordinates  could 
sometimes  help  in  mapping,  particularly  in  mapping 
vegetation  types  under  disturbed  conditions. 

The  results  of  a  silvical  or  silvicultural  study 
are  alv^/ays  valid  only  within  certain  conditions  set 
by  places  ond  times.  In  appropriately  designed 
field  studies,  the  place  (site)  can  be  defined  by  soil 
or  vegetation  mapping  units.  With  environmental 
coordinates,  however,  it  should  become  possible  to 
define  even  artificial  environments  to  some  extent, 
as  equivalent  to  certain  field  conditions.  It  should 
also  be  possible  to  state  that,  because  of  obnormal 
weather  during  a  season,  the  effective  environment 
of  a  site  was  approximately  normal  for  coordinate 
(m,    t,    n),      even      though      the    site    is    defined    as 


(m',  t',  n').  Eventually  it  may  become  possible  to 
estimate  success  probabilities  for  silvicultural  treat- 
ments at  given  environmental  coordinates. 

Environmental  coordinates  can  also  provide  a 
basis  for  the  comparison  of  seed  sources  in  dif- 
ferent regions  if  the  coordinate  model  is  valid  for 
both  regions. 

Factors  are  integrated  into  synecological  ordi- 
nates in  an  unknown  and  unadjustable  way  by  the 
vegetation.  On  the  other  hand,  satisfactory  environ- 
mental ordinates  depend  on  our  knowledge  of  eco- 
system dynamics.  As  knowledge  increases,  environ- 
mental ordinate  models  can  be  adjusted  and  refined, 
which  does  not  seem  true  of  synecological  ordinates. 
Synecological  ordinates  seem  easier  to  assign  in 
the  field,  however.  Pits  need  not  be  dug  nor 
nutrient  analyses  made. 

A  case  can  then  be  made  for  a  sequence  of 
regional  site  research    (fig.  6). 


Development  of  provisional   environmental   ordinates 


Studies  to  improve  the  ordinates 


Landscape  classification 

within  the  framework  of  the 

environmental   coordinate  field 


Landscape  mapping  according 

to  the  landscape 

classification 


Development  of 
synecological   ordinates 


Vegetation  classification 

within  the  framework  of  the 

synecological   coordinate  field 


Vegetation  mapping  according 

to  the  vegetation 

classification 


T-iguAt  6.--S^que.nc&  {,0K  fitgionat  i-Lte.  HQjitaxck. 
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COMMON  AND  SCIENTIFIC  NAMES  OF  PLANTS,  INSECTS,  AND  DISEASES  MENTIONED 


Plants 

Aspen,  bigtooth 

Aspen,  quaking 

Birch 

Douglas-fir 

Fir,  balsam 

Fir,   subalpine 

Oak 

Oak,  black 

Pine,  eastern  white 

Pine,  jack 

Pine,  loblolly 

Pine,  lodgepole 

Pine,  ponderosa 

Pine,  red 

Pine,  Scots 

Pine,  shortleaf 

Pine,  western  white 

Spruce,  Engelmann 

Sweetgum 


Populus  grandidentata   Michx. 

Populus   tremuloides   Michx. 

Betula  verrucosa   Ehrh. 

Pseudotsuga  menziesii    (Mirb.)  Franco 

Ahies  balsamea   (L.)  Mill. 

Abies   lasiocarpa   (Hook.)  Nutt. 

Queraus   spp. 

Querous  velutina   Lam. 

Pinus  strobus   L. 

Pinus  banksiana   Lamb. 

Pinus   taeda   L. 

Pinus  -contorta   Dougl . 

Pinus  ponderosa   Laws . 

Pinus  resinosa   Ait. 

Pinus  sylvestris   L. 

Pinus  eahinata   Mill. 

Pinus  montioola   Dougl . 

Picea  engehnannii   Parry 

Liquidamber  styraaiflua   L. 


Insects 
Budworm,  spruce 


Choristoneura  fumiferana   (Clem.) 


Diseases 

Dwarf  mistletoe         Araeuthobium  campy lopodum   f.  campy lopodum   (Engelm.)  Gill 

White  pine  blister  rust  Cronartium  ribioola   Fischer 
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Nocturnal  Air  Temperature  on  a  Forested  Mountain  Slope 


James   D.    Bergen 


In  mountainous  terrain,  the  spatial  pattern  of 
nighttime  temperatures  measured  in  standard 
screens  should  largely  reflect  topography.  Unfortu- 
nately, towns  and  permanent  weather  stations  are 
commonly  located  in  canyons  and  river  valleys, 
while  the  ecologist  and  forest-protection  officer  are 
usually  concerned  with  the  temperatures  found  on 
the  forested  slopes  above  such  stations;  they  are 
also  less  concerned  with  the  temperature  at  a  stand- 
ard screen  height  than  with  the  temperature  at 
some  level  in  the  forest  canopy  or  at  the  surface 
of  the  slope. 

The  common  assumption  that  air  temperatures 
vary  with  elevation  on  a  slope  in  the  same  way 
that  air  temperatures  vary  with  altitude  in  the  near- 
by free  atmosphere  is  plausible  only  when  the  net 
radiation  at  the  slope  surface  approaches  zero.  This 
situation  is  possible  on  days  or  nights  with  consider- 
able low  cloud  cover  and  in  early  evening  for  most 
days,  but  not  on  those  still,  clear  nights  on  which 
minimum  temperatures  are  likely  to  occur.  For 
such  nights  the  movement  of  air  and  the  pattern 
of  surface  isotherms  follow  the  details  of  the  topog- 
raphy in  a  complex  way.  The  cold  air  layer  gener- 
ated by  radiation  cooling  is  shallow,  with  a  depth 
on  the  order  of  tens  of  meters.  Such  layers  may 
not  extend  far  above  the  forest  canopy,  and  small 
topographic  features  such  as  ridgesor  gullies  interact 
directly  with  the  structure  of  the  canopy  to  deter- 
mine the  vertical  temperature  profile  at  any  position 
along  the  slope. 

The  data  to  be  discussed  in  this  Paper  were 
collected  during  an  exploratory  study  of  the  joint 
effect  of  these  factors  on  the  nocturnal  temperature 
of  a  highly  divergent,  heavily  forested  slope  typical 
of  much  of  the  Colorado  Rockies. 


Study  Site 

A  slope  of  simple  geometry  was  selected  for 
the  study;  the  elevation  contours  are  shown  in 
figure  I.  The  forest  cover  is  a  mixed  stand  of 
Engelmann  spruce  (Picea  engelmionnii  Parry)  and  sub- 
alpine  fir  (Abies  lasiocorpa  (Hook.)  Nutt.),  which 
attain  a  maximum  height  of  about  18  meters  (m.). 
The  hill  rises  to  a  maximum  height  of  about  200  m. 
above  the  Fraser  River  valley  near  Fraser,  Colorado, 
and  faces  east  with  a  relatively  open  horizon. 

Measurement  stations  established  on  the  slope 
(fig.  I)  were  chosen  to  approximate  points  along  a 
streamline  for  the  cold  air  movement  off  the  slope; 
the  assumption  was  that  such  movement  is  normal 
to  the  elevation  contours.  When  a  number  of  adja- 
cent streamlines  are  estimated  by  this  assumption 
(fig.  I  A),  a  feature  is  emphasized  which  may  be 
noted  only  fleetingly  from  the  contour  maps,  and 
which  would  not  be  apparent  from  a  two-dimensional 
cross  section  (fig.  IB).  This  feature  is  a  center  of 
divergence,  or  more  rigorously,  the  end  of  a  line 
of  divergence  labeled  (C).  Point  (C)  may  be  shown 
to  be  a  region  where  the  motion  of  air  in  response 
to  temperature  differences  between  the  air  on  the 
slope  and  that  over  the  valley  must  be  primarily 
normal  to  the  slope.  This  point  may,  therefore,  be 
regarded  as  a  probable  intake  zone  for  the  move- 
ment of  cold  air  off  the  hillside. 


Instruments 

The  stations  instrumented  and  the  levels  at 
which  the  instruments  were  placed  are  shown  for 
each   year   (table    I).     The  instrument  profiles  were 
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placed  approximately  between  trees,  with  each  pro- 
file having  at  least  5  m.  of  clear  fetch  up  the  slope. 
Air  temperatures  were  measured  with  precision 
bead  thermistors,  mounted  on  l-m.-long  arms  that 
extended  across  slope  from  the  nearest  tree  stem 
and  well  away  from  foliage.  The  nominal  resist- 
ance of  these  beads  is  1 0  Kfl  ,  high  enough  so  that 
thermal  effects  even  along  a  considerable  length 
of  cable  were  negligible.  The  thermal  time  con- 
stant of  these  beads  is  about  2  seconds,  but  smooth- 
ing was  provided  by  radiation  shields  which  en- 
closed each  bead.    For  the  first  2  years,  these  were 


of  folded  aluminum.  In  1966,  a  half-closed  styro- 
foam  cup  was  used  as  a  shield.  The  time  constant 
with  moderate  ventilation  was  on  the  order  of  a 
minute. 

At  the  tower  near  the  slope  base  (T  in  fig.  II, 
shielded  thermocouples  were  used  at  the  0.5-,  2.5-, 
5.0-  and  15.0-m.  levels.  In  1962  and  1964,  tem- 
peratures at  the  0.3-m.  level  on  the  slope  were 
measured  with  bimetal  thermographs.  One  of  these 
instruments  was  also  located  in  a  screen  at  a  height 
of  3  m.,  about  100  m.  to  the  east  of  the  base  tower 
in  1964  and  1966. 
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Table  1. --Stations  measured  and  levels  on  slope  at  which  instruments 
were  placed,   1962,   1964,   1966 


Year 

Stations 

Location  of  instrun 

ents 

measured 

Air-temperature  levels 

Other 

-  - 

-  Meters  -  -  - 

1962 

IJi 
III 
Illb 
IVl 

0.3 
.3 
.3 
.3 
.3 

1.7 
1.7 
1.7 
1.7 
1.7 

5.0 
5.0 
5.0 
5.0 
5.0 

Tower 

1.3 

2.5 

5.0 

10.0 

20.0 

1964 

I 

.7 

6.0 

7.0 

9.0 

12.0 

Surface  pressure 

III 

.7 

10.0 

12.0 

Surface  pressure 

IV 

.7 

2.3 

4.3 

6.0 

8.3 

Surface  pressure 

Tower 

1.3 

2.5 

5.0 

10.0 

Total  radiation 

Screen 

3.0 

1966 

I 

.5 

1.8 

3.9 

14.0 

Surface  pressure 

III 

.4 

1.7 

3.1 

5.9 

7.4   8.7  10.2 

14.6 

IV 

.3 

1.5 

3.0 

Surface  pressure 

Tower 

1.3 

2.5 

5.0 

5.9 

10.0  11.4  20.0 

Total  radiation 

Screen 

3.0 

^Two  profile  stations  20  m.    apart  on  either  side  of  the  transect. 


The  nominal  observation  period  for  all  years 
was  1800  local  standard  time  (LSTI  to  0600  LST 
of  the  following  day.  Observations  were  begun 
only  on  clear  afternoons,  and  when  the  20-m.  tower 
wind  was  less  than  0.5  m.  secT'  at  1800  LST.  How- 
ever, conditions  often  changed  during  the  night; 
August  25,  1962,  was  relatively  cloudy  by  2000  LST. 

In  the  1962  observations,  the  thermistor  resist- 
ances were  measured  with  a  manually  operated 
bridge  circuit  and  a  plug  board;  temperature  pro- 
files at  stations  la,  lla,  IVa,  and  lb,  lib,  IVb  were 
read  every  20  minutes.  The  output  of  the  tower 
thermocouples  was  recorded  automatically  at  12- 
minute  intervals.  For  the  1964  and  1966  obser- 
vations, all  temperatures  except  at  the  bimetal 
thermograph  positions  were  measured  and  recorded 
automatically  at  12-minute  intervals. 

Total  radiation  was  measured  with  a  ventilated 
radiometer  whose  output  was  recorded  at  12-minute 
intervals  during  observation  periods.  Occasional 
checks  were  made  for  signs  of  dew  or  frost  on 
foliage  or  slope  surface.  None  was  observed  for 
any  of  the  nights. 

Pressure  variations  on  the  slope  were  recorded 
on  aneroid  microbarographs. 


Vertical  Temperature  Profiles 

The  most  detailed  vertical  temperature  profiles 
in  the  observation  set  were  those  measured  at 
station  111,  called  the  "midslope  station"  below, 
in  1966.  A  typical  midslope  station  profile  is  shown 
in  figure  2.  This  profile  is  based  on  the  2-hour 
average  of  air  temperature  from  2400  LST  on  the 
observation  night  of  June  15,  1966.  The  lowest 
temperatures  and  strongest  vertical  temperature 
gradients  appear  at  the  slope  surface,  as  would 
be  anticipated  if  the  latter  functioned  as  a  principal 
heat  sink.  The  vertical  gradient  decreases  sharply 
above  the  first  meter  of  height,  to  the  region  from 
4  to  6  m.,  increases,  and  then  vanishes  at  on  inver- 
sion at  about  7  m.  height  where  the  temperature 
shows  a  local  maximum.  Higher  temperatures  are 
not  attained  on  the  profile  below  a  level  of  1  1  m. 
height.  This  layer  of  air  is  statically  unstable;  that 
is,  a  relatively  warm  layer  is  underlying  a  colder 
layer  of  air. 

The  entire  cooled  layer  at  this  station  extends 
to  about  30  m.,  as  judged  from  the  temperature 
drop  from  the  1800  LST  profile  and  the  pressure 
increment  from    that    time   indicated    by    the  micro- 
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barograph  trace.  The  height  of  the  first  inversion 
above  the  slope  is  labeled  (L)  on  figure  2,  and  will 
be  referred  to  in  the  subsequent  analysis  of  the 
temperature  data. 

The  most  interesting  feature  of  the  profile  is 
obviously  the  v/arm  layer  at  the  first  inversion. 
Thisfeature  occurs  in  the  temperaturemeasurements 
presented  by  Geiger  (1958).  His  measurements 
vvere   vertical    profiles   of   air   temperature   along  a 


strip  cut  down  the  side  of  a  conifer-covered  moun- 
tainside, and  they  are  in  most  respects  comparable 
to  those  described  in  this  paper.  His  measurements 
were  taken  at  various  positions  along  a  geometrical 
transect  of  the  mountainside,  however,  which  may 
not  have  had  any  direct  relation  to  the  pattern  of 
air  movement  from  the  slope.  Geiger's  measure- 
ments indicate  an  "altitude  of  maximum  tempera- 
tures," which  separates  the  vertical  temperature 
profiles  into  two  types.  The  lower  region  shows  a 
warm  zone  below  the  treetops,  quite  analogous 
to  that  found  on  figure  2  for  the  Fraser  measure- 
ments; the  upper  region  does  not. 


Variation  of  Temperature  with  Downslope  Distance 

A  characteristic  temperature  which  can  be  readily 
defined  from  the  vertical  temperature  profiles  of 
the  1966  observations,  and  which  can  be  estimated 
from  the  observations  of  both  the  preceding  years 
(1962  and  1964)  is  the  average  temperature  (T) 
of  the  air  layer  below  the  height  (L). 

This  average  was  computed  on  the  assumption 
that  (L)  was  approximately  the  same  for  all  the 
nights  of  observation,  with  a  value  of  7  m.  at  the 
midslope  station  III,  10  m.  at  the  tower  station,  and 
8  m.  at  station  I.  The  volue  of  (L)  at  the  inter- 
mediate stations  was  interpolated  from  these  points. 
As  seen  from  the  relatively  small  temperature 
gradients  near  (L),  this  average  temperature  is  not 
particularly  sensitive  to  differences  of  the  order 
of  1  m.  in  the  assumed  value  of  (L). 

The  hourly  average  of  this  temperature  isplotted 
for    each   of   the    13    nights   of   observation   (fig.  3). 

At  the  beginning  of  the  evening— 1800  LST— the 
temperatures  either  show  a  decrease  or  no  variation 
down  the  transect.  Six  of  the  nights  show  no  vari- 
ation. A  somewhat  more  irregular  pattern  is  evi- 
dent for  September  17  and  25,  1964,  and  June 
14,  1966.  On  September  17,  a  definite  tempera- 
ture maximum  occurs  on  the  slope  at  the  vicinity 
of  station  III,  which  persists  well  into  the  evening. 
On  September  25,  a  temperature  minimum  is  evi- 
dent near  station  IV,  which  vanishes  near  midnight 
and  reappears  the  following  morning.  This  effect 
may  reflect  a  relatively  uncommon  large-scale  strati- 
fication over  the  Fraser  River  valley. 

In  general,  the  temperature  pattern  for  the  night 
may    be   divided    into   two   periods  similar  to  those 
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found  in  the  study  by  Leighton  (1954)  — a  period 
of  uniform  cooling  over  the  entire  slope  with  a 
relatively  constant  temperature  gradient  down  the 
slope,  and  a  period  of  increasing downslopegradient 
with  little  temperature  change  near  the  crest  of  the 
hillside  (point  C). 

On  some  nights,  for  instance  June  11,  1  966,  the 
second  phase  does  not  seem  to  occur.  On  others, 
notably  June  15,  1966,  the  first  phase  does  not 
appear  within  the  period  of  observation;  the  crest 
temperature  remains  constant  throughout  the  night. 
For  most  of  the  nights,  a  smooth  transition  between 
the  two  modes  of  cooling  occurs  at  about  midnight. 
A  feature  conspicuous  by  its  absence  is  a  "warm 
altitude  belt,"  that  is,  an  intermediate  altitude  at 
which  a  persistent  temperature  maximum  is  found 
on  the  slope.  Local  temperature  maxima  do  occur 
for  many  of  the  nights,  but  they  are  transient  and 
appear  to  be  frequent  at  no  one  altitude  level 
on  the  slope. 

The  "warm  belt"  or  "altitude  of  maximum  tem- 
perature" mentioned  above  has  been  observed  in 
many  studies,  and  the  available  literature  is  dis- 
cussed in  detail  by  Geiger  (1957).  One  notes  that 
the  "warm  altitude"  belt  tends  to  be  regarded  as 
a  two-dimensional  feature:  some  particular  altitude 
on  the  slope.  Regarded  as  such,  it  becomes  a 
rather  mysterious  phenomenon.  If  the  three-dimen- 
sional character  of  the  cold  airflow  on  most  moun- 
tains is  considered,  however,  such  an  altitude  zone 
becomes  possible  as  a  consequence  of  the  way  in 
which  a  particular  geometrical  altitude  transect  is 
drawn  relative  to  the  estimated  streamline  pattern. 
This  point  was  apparently  first  noted  by  hJayes 
(1941).  Thus,  a  line  (AB)  can  be  drawn  on  figure 
lA  with  a  continuous  increase  in  altitude  which 
would  probably  show  a  definite  "warm  belt."  This 
"warm  belt"  would  reflect  the  fact  that  the  air  on 
the  upper  portion  of  the  transect  beyond  point 
(C)  would  have  been  in  contact  with  the  surface 
heat  sink  for  a  much  longer  period  of  time  than 
the  air  below  (C);  in  other  words,  they  originate 
at  different  intake  zones.  Note  also  that  the  im- 
portance of  divergence  centers  such  as  (C)  would 
not  be  apparent  from  a  two-dimensional  cross  section 
of  a  slope.  While  they  may  appear  as  regions 
in  the  two-dimensional  cross  section  of  low  slope, 
or  "shelves,"  such  shelves  could  be  zcnes  of  con- 
vergence or  divergence,  depending  on  the  sense 
and    magnitude    of    the    height   contour   curvature. 


Short-period  pulsing  in  the  temperature  field 
is  found  in  the  observations,  particularly  for  August 
22  and  September  8,  1962,  and  September  16, 
1964  (fig.  3).  For  August  22  and  September  8, 
which  are  more  clearly  defined,  pulse  amplitude 
appears  io  decrease  downslope,  yet  there  is  no 
detectable  phase  shift  or  change  in  period.  The 
effect  seems  to  be  associated  with  the  shift  in  the 
cooling  pattern  mentioned  above.  Since  the  nights 
of  September  9,  1964,  and  June  12,  1966,  began 
with  an  isothermal  hillside,  it  cannot  be  said  that 
pulsing  is  associated  with  a  large  lapse  rate  out- 
side the  cooled  layer  on  the  slope,  as  might  be 
inferred  from  the  1962  data.  Also,  the  position 
of  maximum  pulse  amplitude  on  the  hillside  appears 
to  vary  between  the  nights. 

Radiation 

As  shown  by  some  direct  measurements  in  1964, 
(Bergen  1969),  the  net  radiation  above  the  canopy 
at  a  point  on  the  slope  averaged  over  the  night 
is  fairly  well  approximated  by  theaveragedifference 
between  the  sky  radiation  measured  at  the  base 
of  the  slope  and  the  black  body  emission,  which 
corresponds  to  the  mean  air  temperature  measured 
in  the  canopy.  Assuming  that  such  an  estimate  may 
be  used  for  2-hour  periods,  the  net  radiation  for 
those  intervals  was  estimated  from  the  radiometer 
readings  and  the  associated  averages  of  the  meas- 
ured air  temperatures  in  regard  to  time,  height 
above  the  slope,  and  position  along  the  transect, 
for  the  5  nights  of  1966  (table  2). 

Sky  radiation  fell  steadily  through  all  the  nights 
with  the  exception  of  June  16.  There  is  more  vari- 
ation in  the  pattern  of  computed  net  radiation 
losses,  including  uniformly  increasing  values  for 
June  1  1  and  minima  for  various  hours  in  the  re- 
maining nights.  Comparison  with  the  1966  plots 
(fig.  3)  indicates  no  clear  relation  between  the  time 
of  such  minima  and  the  transition  between  the  two 
modes  of  cooling  mentioned  above. 


Variation  of  Potential  Temperature 
along  theTransect 

The  temperature  drop  along  the  hillside  transect 
does  not  directly  indicate  the  decrease  in  enthalpy 
of  the   air   moving   down   the   slope.      Due  to  com- 


Table  2. --Two-hour  averages  of  sky  radiation  and 
estimated  net  radiation  loss,   1966 


Dote 


Time 
LST 


Tm 


Ly  Min. 1 


Ly  Min. ^ 
Rsk 


Ly  Minr^ 
R 


June   11 


June   12 


June   14 


June   15 


June   16 


2000 

8.6 

0.404 

0.404 

0.110 

2200 

6.9 

.374 

.374 

.128 

2400 

2.0 

.335 

.335 

.132 

0200 

-  .2 

.321 

.321 

.132 

2000 

5.8 

.494 

.412 

.082 

2200 

5.4 

.491 

.385 

.106 

2400 

3.4 

.477 

.342 

.135 

0200 

.7 

.459 

.319 

.140 

2000 

9.7 

.522 

.379 

.143 

2200 

8.8 

.515 

.383 

.132 

2400 

8.4 

.512 

.377 

.135 

0200 

6.7 

.497 

.340 

.157 

2000 

8.3 

.512 

.399 

.113 

2200 

7.9 

.509 

.442 

.067 

2400 

6.4 

.498 

.395 

.103 

0200 

5.0 

.488 

.387 

.101 

2000 

8.6 

.498 

.391 

.107 

2200 

6.4 

.498 

.419 

.079 

2400 

5.2 

.489 

.392 

.097 

0200 

6.2 

.497 

.398 

.099 

pressibility,  downward  movement  of  air  along  an 
isothermal  hillside  would  correspond  to  on  appreci- 
able energy  loss,  the  amount  depending  on  the 
change  in  altitude  and  thus  the  mean  atmospheric 
pressure  from  point  to  point  on  the  flow. 

"Potential  temperature"  directly  reflects  the  en- 
thalpy losses  of  the  air  on  the  slope.  The  potential 
temperature  may  be  defined  as  the  final  tempera- 
ture of  a  unit  mass  of  air  which  is  compressed  to 
a  pressure  of  1,000  mb.  without  energy  loss  or 
gain,  and  without  a  change  of  phase  in  the  water 
contained  in  the  air. 

The  use  of  1,000  mb.  as  the  reference  pressure 
is  arbitrary,  and  in  the  case  of  the  experimental 
hillside,  it  is  more  convenient  to  use  the  standard 
atmosphere  pressure  at  point  (C).  Thus,  since  (C) 
is  about  90  m.  above  the  tower  station,  we  would 
subtract  0.9°  C— 90  m.  times  the  adiabatic  lapse 
rate  of  0.98°  C.  per  100  m.  — from  the  tempera- 
ture at  the  tower  station  to  obtain  the  potential 
temperature  9. 

When  this  transformation  is  applied  to  the  base 
average    temperatures   (T)    as  previously  calculated 


we  obtain  a  corresponding  average  potential  tem- 
perature G,  which  is  plotted  (fig.  4)  for  2-hour  in- 
tervals for  each  of  the  nights  against  the  down- 
slope  distance  (X)  measured  along  the  streamline 
of  figure  1  A  from  point  (C). 

The  potential  temperatures  plotted  in  figure  4 
correspond  to  2-hour  averages  of  (T)  and  show  a 
more  regular  trend,  in  particular  the  temperature 
drop  is  close  to  linear  on  the  slope  itself,  that  is, 
for  X  less  than  400  m.  The  pulses  evident  in  the 
previous  figures   are   almost   totally  smoothed  out. 

The  two  patterns  of  cooling  are  more  evident 
in  figure  4  than  in  figure  3,  as  is  the  significance 
of  point  (C),  particularly  on  June  12  and  June  15. 
A  linear  extrapolation  on  these  nights  would  yield 
an  almost  constant  temperature  at  (C),  although 
the  temperature  at  the  base  of  the  slope  drops 
as  much  as  10°  C.  through  the  night.  Tempera- 
ture at  point  (C),  then,  is  a  function  of  the  potential 
temperature  field  above  the  cooled  layer  on  the 
hillside,  while  the  potential  temperature  drop  along 
the  streamline  depends  primarily  on  the  net  radiation 
loss  along  the  hillside. 
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The  data  presented  in  figure  4  have  a  direct 
bearing  on  an  assumption  basic  to  many  analytical 
solutions  for  the  motion  of  cold  air  on  a  hillside. 
Most  of  these  solutions  involve  v^hat  may  be  called 
a  "perturbation  assumption"  in  regard  to  the  sensible 
heat  advected  along  the  slope  by  the  drainage  flow. 
The  temperature  drop  along  the  slope  is  assumed 
to  be  small  in  relation  to  the  drop  in  temperature 
with  height  in  the  air  above  the  slope.  The  most 
extreme  assumption  is  that  the  slope  is  uniformly 
cooled,  which  is  the  case  first  treated  by  Prandtl 
(Sutton  1953). 

This  assumption  is  quite  distinct  from  the  basic 
"pressure  perturbation"  assumption:  that  the  pres- 
sure change  on  the  slope  is  small  relative  to  the 
total  atmospheric  pressure,  which  is  easily  defended 
and  was  in  fact  made  above  in  evaluating  the 
potential  temperatures  plotted  in  figure  4.  It  may 
be  seen  that  the  downslope  gradient  for  either  the 
potential  temperature  or  the  temperature  field  itself 
is  at  least  the  order  of  2  to  10  times  that  on  the 
hillside  at  the  onset  of  cooling,  and  far  greater  than 
would  be  anticipated  for  the  free  atmosphere  over 
the  valley  at  sunset. 

Composite  Potential  Deficit  Profiles 

There  are  many  points  in  common  between 
the  flow  of  cold  air  from  a  hillside  and  free  con- 
vection phenomena  observed  in  the  laboratory, 
such  as  the  ascent  of  air  over  a  vertical  heated 
plate.  Such  laboratory  flows  are  often  found  to 
exhibit  "similarity"  in  both  the  velocity  and  tem- 
perature distribution. 

The  notion  of  similarity  as  applied  to  the  case 
of  cold  air  drainage  off  such  a  slope  and  referring 
to  the  potential  temperatures  on  the  slope  is  equiva- 
lent to  assuming  that  some  characteristic  potential 
temperature  (85)  and  some  length  (Ljjexist,  which  are 
functions  only  of  downslope  distance  (X)  from  the 
origin  of  the  flow  measured  along  the  streamline, 
and  are  such  that  (  G-G^J  at  any  level  above  the 
slope  (Zl  conforms  to  the  relation: 


0-00  =(©5-  eo)f(Z/Ls) 


where  0,,  is  the  potential  temperature  at  point  (C) 


While  many  choices  are  possible  for  Gj  and 
Lj,  the  average  potential  temperature  below  the 
first  inversion  above  the  slope  (G)  discussed  above 
must  be  a  legitimate  scaling  temperature  if  such 
exists.  The  most  accessible  length  is  the  height 
of  the  first  inversion  above  the  slope,  which  has 
been  denoted  as  (L)  above. 

While  such  scaling  would  appear  sufficient  for 
a  bare  slope,  the  temperature  measurements  dis- 
cussed were  made  in  a  random  array  of  trees. 
The  streamlines  (fig.  1  A)  must  have  relevance  to 
the  actual  movement  of  air  only  as  a  spatial  aver- 
age over  lengths  of  the  order  20  m.  or  so.  The 
situation  is  in  many  respects  analogous  to  flow  in 
a  porous  medium,  with  the  spaces  between  trees 
on  the  slope  being  analogous  to  the  pore  spaces. 
Since  the  radiating  foliage  is  the  primary  heat  sink 
for  at  least  the  portion  of  the  airflow  above  the 
first  inversion,  (Z  =  L),  there  must  be  a  temperature 
drop  from  the  center  of  these  spaces  to  the  foliage 
surface  of  the  trees.  Unfortunately,  foliage  tem- 
peratures were  not  measured  directly  during  the 
observation.  The  1962  measurements  do  show 
that  the  air  temperature  measured  between  trees 
does  not  vary  appreciably  between  stations  some 
20  m.  apart  at  the  same  downslope  distance  from 
the  origin;  the  average  difference  between  such 
stations  was  less  than  0.3°  C.  Thus,  the  approxi- 
mate linearity  of  the  potential  temperatureG  shown 
on  the  transects  (fig.  4)  is  apparently  more  than 
an  artifact  of  the  choice  of  stations. 

The  apparent  height  scales  for  June  14,  15, 
and  16  are  11m.,  7  m.,  and  10  m.  for  the  stations 
I,  III,  and  the  tower  station,  respectively.  The  scale 
for  station  IV  was  taken  as  9  m.,  an  intermediate 
value  between  that  for  station  III  and  the  tower 
station  and  in  accord  with  the  relative  position 
of  the  inversion  at  station  IV  found  in  the  1964 
observations. 

The  apparent  height  scale  (L)  for  the  nights 
of  June  11  and  12  is  less  by  about  15  percent— 
about  6  m.  at  the  midslope  station.  The  scale 
was  assumed  to  be  less  by  the  same  proportion 
at  the  remaining  stations,  although  the  variation 
at  these  less  densely  instrumented  profiles  was 
not  as  clear. 

The  number  of  data  levels  at  each  station  varied 
between  observation  periods,  with  most  of  thelevels 
above  (  Z  =  L)  inoperative  during  the  first  night, 
June  1  1 . 


Even  at  the  densely  instrumented  stations  at 
the  tower  and  at  midslope,  (L)  could  not  be  re- 
solved to  within  less  than  a  meter;  the  estimates 
for  stations  I  and  IV  are  thus  even  more  conjectural. 
The  temperature  (Gq)  at  the  point  (C)  was  estimated 
by  linear  extrapolation  from  the  values  of  0  at 
the  stations  on  the  slope  (fig.  4). 

The   results   of   a   composite  plot  of  (Z/L)  versus 


B  -Br 


The  approximate  validity  of  the  similarity  assump- 
tion is  more  than  a  curiosity,  and  can  serve  as  a 
valuable  tool  in  the  quantitative  analysis  of  the 
temperature  regime  on  the  slope,  as  shown  by 
Katkov  (1965).  The  polynomial  segments  that  appear 
to  yield  a  plausible  fit  to  the  scaled  potential  tem- 
perature deficit  profiles  are  of  low  order:  a  para- 
bola below  (Z/L.=  1),  and  a  cubic  equation  above 
that  level  with  the  physically  plausible  boundary 
conditions  of  a  vanishing  gradient  at  (Z  =  L),  and 
zero  deficit  at  (Z  =  2.3L). 


for  the  1966  observations  are  shown  in  figure  5 
for  all  stations.  The  plots  are  for  2-hour  average 
temperatures,  with  the  individual  station's  data  coded 
in  the  legend. 

The  hypothesis  of  similarity  as  stated  in  the 
equation  above  would  require  that  these  profiles 
for  the  individual  stations  superimpose. 

The  plots  suggest  this  is  the  case  for  most  of 
the  intervals  of  measurement.  In  evaluating  the 
superposition,  it  must  be  noted  that  the  nominal 
accuracy  of  these  temperature  measurements  is 
about  ±0.5°  C.  at  all  stations  on  the  slope.  Since 
0  decreases  appreciably  down  the  transect,  this 
would  imply  a  much  larger  relative  error  for  sta- 
tion I  than  for  the  tower  station. 

Below  the  first  inversion,  superposition  is  within 
10  percent  at  all  levels  between  the  stations. 
Above  the  first  inversion,  the  superposition  is  of 
more    variable   quality,    but    still  within  20  percent. 

To  compare  the  composite  profiles  for  different 
intervals  of  observation  on  the  same  night  and  be- 
tween nights,  a  pair  of  polynomial  segments  were 
fitted  to  the  profile  for  the  last  three  profiles  of 
June  15.  These  segments  are  shown  by  the  dashed 
lines  on  the  plots  for  all  the  observation  intervals 
of  June  12,  14,  15,  and  16.  For  most  of  the  inter- 
vals, the  deviation  from  this  fitted  profile  is  non- 
systematic  and  amounts  to  not  more  than  20 
percent. 

For  the  observations  of  June  II  and  12,  the 
reduction  of  scale  length  appears  to  be  associated 
with  a  relative  expansion  of  the  warm  layer  above 
the  inversion.  While  the  deficiency  of  the  upper- 
level  data  for  June  1  1  makes  comparison  with  the 
profile  fitted  to  the  June  12  observations  doubt- 
ful, the  superposition  appears  satisfactory  below 
(Z=L). 


Conclusions 

The  nocturnal  temperature  distribution  on  non- 
uniform slopes  reflects  the  three-dimensional  move- 
ment of  air  off  these  slopes,  both  in  the  spatial 
variation  of  the  average  temperatures  of  the  active 
layer  of  air,  and  in  the  vertical  variation  of  air 
temperature  through  that  layer.  In  such  situations, 
the  geometrical  summit  of  a  slope  may  be  less 
relevant  than  the  centers  of  divergence  for  flow 
on  the  slope  computed  on  the  assumptions  of  con- 
tinuity and  that  the  flow  is  normal  to  the  elevation 
contours. 

On  the  simple  slope  studied,  the  potential  tem- 
perature profiles  along  an  estimated  streamline 
show  approximate  similarity. 
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Seedfall  and  Establishment 
of  Engelmann  Spruce  in  Clearcut  Openings: 


Robert  R. ' Alexander 


Prompt  establishment  of  new  stands  of  spruce 
following  timber  harvesting  is  a  major  objective 
in  the  management  of  the  Engelmann  spruce-subal- 
pine  fir  type  in  the  central  Rocky  Mountams. 
Although  planting  has  increased  in  the  past  decade 
and  is  expected  to  continue  to  increase,  it  will  not 
be  economically  possible  to  plant  at  the  rate  at 
which  spruce-fir  forests  will  be  cutover.  Natural 
reproduction  must  therefore  be  depended  upon  to 
restock  most  clearcut  areas 

An  adequate  supply  of  viable  seed,  a  receptive 
seedbed,  and  an  environment  favorable  to  germi- 
nation and  seedling  establishment  are  the  basic 
elements  necessary  for  successful  natural  regenera- 
tion. Most  spruce  regeneration  problems  have  been 
thought  to  be  related  to  environmental  factors  in- 
fluencing germination  and  survival  success.  How- 
ever, recent  studies  and  observations  have  indicated 
that  seedling  establishment  is  limited  to  the  margins 
of  clearcut  openings— usually  1  to  2  chains  from 
seed  source.  Roe  and  Schmidt  reported  similar 
results  from  a  survey  of  seedling  establishment  in 
the  spruce-fir  type  in  the  Intermountain  Region; 
few  seedlings  became  established  at  distancesgreat- 
er  than  3  chains  from  the  seed  source. 

If  the  limited  distribution  of  seedlings  on  clearcut 
openings  is  the  result  of  lack  of  viable  seed,  more 
information  is  needed  on  seed  production  and  dis- 
persal before  spruce  cutovers  can  be  successfully 
restocked   to   natural    reproduction.     Good  seedbed 

"^Unpublished  data  on  file  at  Roaky  Moun- 
tain Forest  and  Range  Exp.  Sta. ,  U.S.D.A.  For- 
est Serv.^   Fort  Collins,    Colo.    80521. 

^Roe,  A.  L.,  and  Schmidt,  W.  C,  Factors 
affecting  natural  regeneration  of  spruce  in  the 
Intermountain  Region.  U.S.D.A.  Forest  Serv. 
Intermountain  Forest  and  Range  Exp,  Sta.  Mimeo. 
Rep.,    68  pp.,    illus.    1964.      (Ogden,    Utah  84401) 


situations  and  favorable  environmental  conditions 
are  of  little  value  if  an  adequate  amount  of  viable 
seed  is  not  available. 

Engelmann  spruce  has  been  rated  as  a  moderate 
seed  producer.  The  seed  is  light  and  is  dispersed 
long  distances.  Spruce  seed  production  and  dis- 
persal have  been  studied  in  only  a  limited  way  in 
the  Rocky  Mountains,  however. 

In  one  of  the  earliest  studies  in  Colorado,  Bates 
and  Roeser  found  that  the  average  annual  pro- 

duction on  the  White  River  Plateau  for  an  18-year 
period  (1914-31)  was  83,000  sound  seeds  per  acre, 
while  on  the  Uncompahgre  Plateau,  annual  pro- 
duction for  a  comparable  15-year  period  (191428) 
averaged  350,000  sound  seeds  per  acre.  Large 
crops  (100,000  or  more  sound  seeds  per  acre)  were 
produced  on  the  White  River  only  at  5-  to  7-year 
intervals,  withi  complete  failures  about  every  2 
years.  On  the  Uncompahgre,  large  crops  were 
produced  every  2  to  4  years,  with  complete  failures 
at  about  3-year  intervals. 

Boe  analyzed  seed  records  in  Montana  between 
the  years  1908  and  1953.  He  reported  data  sepa- 
rately for  the  areas  east  and  west  of  the  Continen- 
tal Divide.  West  of  the  Divide,  22  crops  observed 
during   the  45-year   period   were   rated   as  5  good, 

^Alexander,  Robert  R.  Sitvioal  character- 
istics of  Engelmann  spruce.  U.S.D.A.  Forest 
Serv.  Rocky  Mt.  Forest  and  Range  Exp,  Sta.  Sta. 
Pap.  21,  20  pp.,  illus,  1958.  (Fort  Collins, 
Colo,    80521) 

^Bates,  C.  G.,  and  Roeser,  J.  Investiga- 
tive reports  for  the  Rocky  Mountain  Region. 
U.S.D.A,  Forest  Serv,  Rocky  Mt,  Forest  and 
Range  Exp,  Sta,  Mimeo,  Rep.,  72  pp.  1933.  (Fort 
Collins,    Colo.    80521) 

^Boe,  K,  N,  Periodicity  of  cone  crops  in 
five  Montana  conifers.  Mont.  Acad.  Sci.  Proc, 
14:    5-9,    1954, 


8  fair,  and  9  poor.  East  of  the  Divide,  seed  pro- 
duction was  considerably  poorer:  only  2  good, 
4  fair,  and  15  poor  crops  were  reported  for  a  21- 
year  period.  Throughout  Montana,  1926  and  1952 
were  exceptionally  good  spruce  seed  years,  but 
only  the  1952  crop  was  heavy  throughout  the 
Rockies. 

Squillace  ''  estimated  that  about  953,000  seeds 
per  acre  were  produced  in  1952  in  an  uncut  stand 
along  the  perimeter  of  a  large  clearcut  area  in 
western  Montana.  Furthermore,  he  showed  that  a 
substantial  number  of  sound  seeds  (60,000  per  acre) 
were  dispersed  as  far  as  9  chains  from  the  timber 
edge.  However,  this  wide  dispersal  was  during 
an  infrequent  "bumper"  seed  year.  Seed  crops 
produced  in  the  other  4  years  of  his  study  (1949, 
1950,  1951,  1  953)  were  considered  failures. 

Roe  studied  seed  production  and  dispersal  on 
three  areas  in  the  Intermountain  Region.  Production 
in  uncut  stands  along  the  edge  of  clearcut  openings 
in  a  good  seed  year  (1964)  ranged  from  200,000 
to  2  million  sound  seeds  per  acre.  Although  large 
quantities  of  seed  were  released  at  the  timber 
edges,  less  than  5  percent  were  dispersed  as  far 
as  10  chains  into  the  openings.  The  pattern  of  seed 
dispersal  was  quite  similar  on  all  areas,  except  for 
quantitative  differences  that  were  attributed  to  dif- 
ferences in  seed  sources. 

Current  studies  of  seed  production  and  dispersal 
on  five  National  Forests  in  Colorado^  show  that 
average  seedfall  in  uncut  stands  along  the  peri- 
meters of  clearcuts,  1962-66,  could  be  rated  good 
about  1  out  of  the  5  years.  Furthermore,  most 
of  the  seed  dispersed  into  the  clearcut  openings 
fell  within  1  chain  of  the  source. 

Study 

This  paper  reports  the  results  of  a  study  of  seed 
production,  dispersal,  and  seedling  establishment 
after  clearcutting  in  the  spruce-fir  type  on  Fool 
Creek,  Fraser  Experimental  Forest,  Colorado. 

'^ Squillace y  A.  E.  Engelmann  spruce  seed 
dispersal  into  a  clearcut  area.  U.S.D.A.  For- 
est Serv.  Intermountain  Forest  and  Range  Exp. 
Sta.  Res.  Note  11,  4  pp.,  illus.  1954.  (Ogden, 
Utah  84401) 

^Roe,  Arthur  L,  Seed  dispersal  in  a  bump- 
er spruce  seed  year.  U.  S.  Fores'^  Serv,  Res. 
Pap.  INT-29,  10  pp.,  illus.  1967.  (Intermoun- 
tain Forest  and  Range  Exp.  Sta.,  Ogden,  Utah 
84401) 

'^See  footnote   2,   p.    1. 


Description 

The  study  was  located  in  two  6-chain-wide  clear- 
cut  openings— each  approximately  3.5  acres  in  size— 
at  10,500  feet  elevation.  All  trees  4.0  inches  d.b.h. 
and  larger  had  been  removed  in  logging.  To  elimi- 
nate any  internal  seed  source,  residual  trees  large 
enough  to  bear  cones  were  also  cut  on  the  study 
areas  after  logging  was  completed  in  1956. 

One  opening  is  on  a  gentle  north-facing  slope; 
the  other  on  a  moderate  northwest  slope.  Wind 
records  taken  at  10,500  feet  on  the  west  ridge  of 
Fool  Creek  indicate  that  the  prevailing  winds  in 
the  study  area  ore  from  the  west  and  southwest. 
The  openings  are  oriented  approximately  at  right 
angles  to  these  winds. 

The  uncut  stand  of  timber  adjacent  to  the  clear- 
cut  openings  is  mature  to  overmature— 250  to  300 
years  old— Engelmann  spruce  (Picea  engelmannii 
Parry)  and  subalpine  fir  (Abies  lasiocarpa  (Hoolc.) 
Nutt.),  intermixed  with  variousamountsof  old-growth 
lodgepole  pine  (Pinus  contorta  Dougl.).  Spruce 
makes  up  about  60  to  80  percent  of  the  basal  area 
in  trees  10.0  inches  d.b.h.  and  larger. 

Methods 

Quantity  of  seed  produced  and  distance  of  dis- 
persal were  measured  with  seed  traps.  In  each 
clearcut  opening,  fifteen  0.25-milacre  seed  traps 
were  placed  along  each  of  two  parallel  transect 
lines  about  2  chains  apart  and  approximately  at 
right  angles  to  the  windward  timber  edge.  The 
traps  in  each  transect  were  placed  at  0.5-chain 
intervals  beginning  0.5  chain  into  the  uncut  stand 
on  the  windward  edge  of  the  openings  and  ending 
0.5  chain  into  the  uncut  stand  on  the  leeward  side 
(fig.  1).  The  placementof  traps  permittedan  estimate 
of  ( 1 )  seed  production  in  theuncut  timber  stand  and 
at  the  timber  edge  on  both  the  windward  and  lee- 
ward sides  of  the  openings,  and  (2)  seed  dispersal 
at  intervals  across  the  openings. 

Seed  trap  contents  were  collected  in  early  sum- 
mer annually,  1956-65.  All  seeds  collected  were 
cut  to  determine  soundness.  Only  filled  seeds 
that  appeared  to  be  sound  were  counted. 

Seedling  survival  in  each  opening  was  measured 
on  52  plots.  Paired  milacre  quadrats  were  estab- 
lished at  each  seed  trap  location  except  in  the 
uncut  stands.  One  randomly  selected  quadrat  of 
each   pair   was   scarified   to   mineral    soil;  the  other 
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was  left  untreated  as  a  control.  Seedlings  were 
counted  annually  in  the  late  summer  beginning 
in  1958.  Only  seedlings  that  had  survived  2  grow- 
ing seasons  were  tallied.  Seedlings  were  not 
marked  to  indicate  the  time  of  establishment;  seed- 
lings surviving  at  the  time  of  the  last  tally  in  1967 
varied,  therefore,  from  2  to  1  2  years  of  age. 


Analysis  of  Data 

Annual  seed  count  data  for  each  aspect  were 
stratified  into  fifteen  0.5-chain-wide  zones,  begin- 
ning 0.5  chain  into  the  timber  stand  on  the  wmd- 
ward  side  of  the  openings.  Seed  count  data  were 
plotted  by  0.5-chain  intervals for(l)  individual  years— 
when  enough  seeds  were  caught  to  make  compari- 
sons, (2)  the  10-year  (1956-65)  average,  and  (3) 
the  average  for  the  three  most  productive  years 
(1959,  1961,  and  1963).  No  differences  were  appar- 
ent between  aspects  irt  either  the  quantity  of  seed 
produced  or  the  amount  of  seed  dispersed  into  the 
openings  (figs.  2,  3). 

The  number  or  seeds  caught  under  stands— lee- 
ward and  windward  sides  of  the  openings  on  both 
aspects— was  compared  with  the  number,  basal 
area,  and  average  diameter  of  all  spruce  trees  10.0 
inches  d.b.h.  and  larger  growing  in  those  stands. 
No  significant  relationship  could  be  established,  how- 
ever, between  the  quantity  of  seeds  caught  under 
the  timber  stands  and  any  of  the  variables  meas- 
ured to  characterize  the  seed  source. 

Seedling  survival  data  for  1967  from  each  study 
area    were    stratified    into    thirteen    0.5-chain-wide 


zones,  beginning  at  the  windward  timber  edge. 
Only  data  from  the  scarified  seedbeds  were  used 
because  too  few  seedlings  became  established  on 
the  control  plots  to  make  any  comparisons.  The 
number  of  seedlings  and  percent  of  stocked  milacies 
were  plotted  over  zones.  The  resulting  scatter  dia- 
grams indicated  that  there  were  no  substantial  dif- 
ferences in  seedling  survival  data  between  the  two 
areas. 

Those  preliminary  tests  suggested  that  the  seed 
count  and  seedling  survival  data  from  the  two  as- 
pects could  be  combined.  The  combined  data  were 
stratified  as  before.  Differences  in  seedfall  and 
number  and  stocking  of  seedlings  between  zones 
were  tested  by  analysis  of  variance  and  Duncan's 
multiple  range  tests  with  appropriate  transforma- 
tions. 

To  estimate  seed  dispersal  in  relation  to  seed- 
fall  under  stands  and  distance  and  direction  from 
source,  the  seed  count  data  for  1959,  1961,  and 
1  963  — seedfall  was  too  light  or  erratic  to  determine 
the  dissemination  pattern  in  other  years— were 
plotted  over  distance  from  windward  source  by 
0.5-chain  intervals.  Smooth  curves  were  fitted  to 
the   resulting   distribution   for   each   of  the  3  years. 


Results  and  Discussion 


Seedfall 


Production    (under    stands).  — Numbers   of   sound 
spruce   seed   caught   under   stands   appeared   to  be 
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influenced  more  by  the  location  of  the  stand  with 
respect  to  prevailing  winds  than  by  any  measured 
characteristic  of  the  seed  source.  Average  seed 
production  was  significantly  greater  under  the  stand 
on  the  windward  side  of  the  openings  in  years  of 
both  high  and  low  seed  production  (table  1).  Since 
traps  were  placed  only  0.5  chain  into  the  timber 
stands,  fewer  seeds  caught  under  the  leeward  stand 
probably  reflects  the  influence  of  wind  movement 
across  the  openings;  wind  probably  blew  some  seeds 
away  from  the  leewcrd  edge  of  the  openings.    Esti- 


mates of  seed  production  under  stands  are  based, 
therefore,  on  seedfull  under  the  windward  stand. 
During  the  10-year  period  1956  through  1965, 
total  under-stand  seedfall  was  321,000  sound  seeds 
per  acre.  Annual  seedfall  varied  considerably  from 
year  to  year  (table  1).  The  1961  seed  crop  con- 
tributed about  40  percent  of  the  total  under-stand 
seedfall.  Moderate  crops  (50,000  to  100,000  sound 
seeds  per  acre)  were  produced  in  1959  and  1963. 
In  the  other  7  years  of  the  study,  seed  crops  were 
rated  poor  to  nearly  complete  failures. 


Table  1. --Average  sound  spruce  seedfall  under  and  at  the  edge  of  the 
timber  stands  adjacent  to  clearcut  openings,  Fool  Creek  study  area, 
Fraser  Experimental  Forest,  Colorado,  1956-65 


Year 


Windward  side 


Leeward  side 


Under  stand 


Timber  edge 


Under  stand 


Timber  edge 


1956 

6,000 

2,000 

2,000 

7,000 

1957 

6,000 

10,000 

0 

3,000 

1958 

24,000 

10,000 

17,000 

8,000 

1959 

64,000 

55,000 

23,000 

24,000 

1960 

12,000 

19,000 

6,000 

6,000 

1961 

133,000 

128,000 

25,000 

23,000 

1962 

6,000 

5,000 

0 

1,000 

1963 

55,000 

24,000 

18,000 

5,000 

1964 

13,000 

15,000 

6,000 

6,000 

1965 

2,000 

2,000 

0 

1,000 

Average 

32,100 

27,000 

9,700 

8,400 

Dispersal  (into  openings).— Seed  dispersal  was 
influenced  by  the  size  of  seed  crop,  distance  from 
source,  and  direction  and  velocity  of  prevailing  winds. 

Seedfall  into  the  clearcut  openings  was  greater 
in  years  of  heaviest  seed  production.  About  35 
percent  of  the  total  number  of  seeds  falling  to  the 
ground  in  the  openings  were  dispersed  in  1961. 
An  additional  35  percent  were  dispersed  in  the 
moderate  seed  years  of  1959  and  1963. 

Seedfall  was  not  uniformly  distributed  over  the 
openings,  but  decreased  in  an  exponential  manner 
OS  distance  from  source  increased.  Furthermore, 
most  of  the  seed  falling  to  the  ground  in  the  open- 
ings appeared  to  have  been  dispersed  from  the 
stand  on  the  windward  timber  edge.  About  half 
of  the  total  number  of  seeds  dispersed  during  the 
10-year  period,  and  in  each  of  the  3  years  of  mod- 
erate to  good  seed  production,  fell  within  1.5  chains 
of  the  windward  edge.  Seedfall  then  either  leveled 
off  or  gradually  continued  to  diminish  until  about 
two-thirds  of  the  way  across  the  openings.  The 
average  number  of  seeds  falling  at  that  distance 
from    source   was   about    10    percent   of    the    under- 


windward-stand  seedfall,  regardless  of  the  size  of 
the  seed  crop.  Beyond  4.5  chains,  seedfall  grad- 
ually increased  until  the  leeward  timber  edge  was 
reached  (fig.  4). 

The  numbers  of  sound  seed  falling  to  the  ground 
between  windward  timber  edge  and  1.5  chains 
into  the  openings  decreased  most  rapidly  in  1961  — 
the  year  of  highest  seed  production— but  between 
1.5  and  4.5  chains,  the  slope  of  the  1961  seed 
dispersal  curve  was  similar  to  the  1959  curve 
(fig.  5).  That  suggests  that  differences  in  seedfall 
between  windward  timber  edge  and  4.5  chains 
in  1959  and  1961  were  largely  associated  with 
differences  in  seed  production. 

Seed  production  was  similar  in  1959  and  1963, 
but  seedfall  in  1963  decreased  more  rapidly  be- 
tween windward  timber  edge  and  1.5  chains  into 
the  openings  (fig.  5).  Furthermore,  about  the  same 
amount  of  seed  fell  to  the  ground  at  4.5  chains 
from  source  in  1963  as  fell  at  1.5  chains.  Differ- 
ences between  seed  dispersal  curves  for  1959  and 
1963  suggest  that  velocity  and  perhaps  direction  of 
winds  were   different    at    the   time    seed    was  shed. 
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Fewer,  but  satisfactory,  numbers  of  seedlings 
became  established  within  1  chain  of  the  leeward 
timber  edge  (fig.  6).  About  one-fifth  of  the  total 
seedfall  into  the  opening  occurred  here.  Those 
seedbeds  were  also  shaded  part  of  the  time  by 
the  leeward  timber  stand,  but  they  were  exposed  to 
the  prevailing  winds. 

in  the  clearcut  openings— between  1  andSchains 
from  the  windward  edge— the  number  of  surviving 
seedlings  per  acre  ranged  from  0  to  1,000,  but 
only  two  zones  contained  more  than  250  seedlings 
per  acre  (fig.  6).  Fewer  seeds  fell  into  the  openings 
beyond  1  chain  from  standing  timber,  and  seedbeds 
located  there  were  exposed  to  moreadverse  environ- 
mental conditions. 
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East 


Seedling  Survival 

Number  of  spruce  seedlings  2  years  old  and 
older  surviving  in  1967  were  related  to  quantity 
of  10-year  seedfall  into  the  clearcut  opening,  seed- 
bed type,  and  environmental  conditions. 

Seedlings  survived  in  significant  numbers  only 
on  scarified  seedbeds.  Furthermore,  seedlings  were 
largely  confined  to  the  margins  of  the  openings 
(fig.  6).  The  largest  number  of  seedlings  was 
established  within  1  chain  of  the  windward  timber 
edge  where  nearly  half  of  the  seed  dispersed  fell. 
Those  seedbeds  were  also  protected  from  the  pre- 
vailing winds  and  shaded  part  of  the  time  by  the 
trees  along  the  windward  timber  margin,  which 
created  an  environment  more  favorable  to  germi- 
nation and  establishment  than  elsewhere  in  the 
openings. 
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The  number  of  stocked  milacres  on  scarified  seed- 
beds was  greater  near  the  seed  source  where  seed- 
lings were  more  abundant.  Fifty  percent  or  more 
of  the  milacre  plots  within  1  chain  of  standing 
timber  were  stocked  with  from  two  to  six  seedlings. 
Beyond  1  chain  from  the  timber  edge,  only  two 
zones  were  more  than  25  percent  stocked,  and  none 
of  the  stocked  milacres  in  those  zones  contained 
more  than  one  seedling. 

Seedlings  did  not  become  established  on  undis- 
turbed seedbeds;  only  three  out  of  52  plots  were 
stocked  after  10  years,  and  each  contained  only  one 
seedling. 

Few  spruces  2  years  old  and  older  became 
established  on  scarified  seedbeds  until  1961,  when 
a  large  number  of  new  seedlings  from  the  1959 
seedfall  survived  the  second  growing  season 
(fig.  7).  Many  of  those  seedlings  were  not  alive, 

however,  at  the  end  of  the  next  growing  season. 
There  were  small  increases  in  seedling  numbers 
in  1963  and  1964  from  seed  cast  in  1961,  but  losses 
incurred  in  1962  were  not  recovered.  Seeds  cast 
in    1963   produced   few   second-year  seedlings,  and 

^^The  number  of  seedlings  by  years  in  fig- 
ure 7  is  for  the  scarified  plots  at  the  wind- 
ward timber  edge.  Those  plots  were  chosen  to 
illustrate  yearly  variation  because  of  the 
large  number  of  seedlings,  but  the  trend  was 
the  same  on  other  scarified  plots  where  seed- 
lings became  established  in  significant  numbers 


the  number  of  surviving  seedlings  gradually  de- 
creased after  1964,  although  seedling  density  was 
the  same  on  all  plots  in  the  last  2  years  of  the 
study. 

Large  numbers  of  seed  cast  in  1961  and  in  1963 
were  observed  to  germinate  on  scarified  seedbeds, 
but  most  did  not  survive  the  first  growing  season. 
Although  no  weather  records  are  available  from  the 
study  areas,  the  survival  data  suggest  that  climatic 
conditions  after  the  1959  seedfall  were  more  favor- 
able to  establishment  than  after  seedfall  in  either 
1961  or  1963.  Furthermore,  seedbed  conditions 
on  scarified  plots  were  not  as  favorable  to  regenera- 
tion success  after  the  1961  and  1963  seedfall  be- 
cause of  the  increased  competition  from  herbaceous 
vegetation. 

Stocking  to  spruce  was  related  to  seedling  density 
the  first  few  years  of  observation,  but  stocking  in 
1967  was  about  the  same  as  in  1961.  The  yearly 
variation  in  seedling  density  after  1961  generally 
resulted  in  changes  in  the  number  of  seedlings 
per  stocked  milacre,  but  not  in  the  number 
of  stocked  milacres. 


Conclusions 


Seed   crops   did    not   occur    on    Fool    Creek    with 
the    same    frequency    observed    elsewhere.      Only 


I 


Co 


one  good  crop  was  produced  in  10  years,  and  even 
moderate  crops  occurred  at  4-year  intervals.  Seed 
production  in  other  years  was  so  low  that  for  prac- 
tical purposes  it  can  be  ignored.  Infrequent  seed 
crops  means  that  natural  reproduction  cannot  be 
expected  every  year. 

Although  most  seed  fell  within  1 .5  chains  of  the 
standing  timber,  sound  seeds  in  considerable  quan- 
tities were  dispersed  across  the  6-chain-wide  open- 
ings in  years  of  moderate  to  good  seed  production. 
The  pattern  of  seedfall  was  similar  in  those  years, 
except  for  the  quantitative  differences  largely  asso- 
ciated with  differences  in  the  amount  of  seed  pro- 
duced and  in  wind  movement  across  the  clearings 
at  the  time  seed  was  shed.  Similar  seed  dispersal 
has  been  observed  elsewhere  in  Colorado.  That 
suggests  that  the  pattern  of  spruce  seedfall  into 
clearcut  openings  in  the  central  Rocky  Mountains 
is  influenced  by  the  direction  of  prevailing  winds 
as  well  as  distance  from  source. 

An  ample  seed  supply  is  of  little  value,  how- 
ever, when  seedbed  or  environmental  conditions 
limit  regeneration  success.  Seed  in  significant  quan- 
tities and  favorable  seedbed  conditions  did  not  result 
in  satisfactory  restocking  in  the  openings  beyond 
the  margins  of  standing  timber;  virtually  no  repro- 
duction became  established  on  unprepared  seedbeds, 
even   along    the   margins   of   openings  where    seed 
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was  available  in  considerablequantitiesand  environ- 
mental conditions  appeared  to  be  favorable. 

Scarification,  aimed  at  increasing  the  suitability 
of  the  seedbed  for  seedling  establishment  by  reducing 
competition,  was  not  as  effective  as  expected. 
Overall,  however,  scarification  increased  both  stock- 
ing and  numbers  of  seedlings,  even  though  most 
of  the  seedlings  were  confined  to  the  margins  of 
the  openings— where  other  environmental  conditions 
also  favored  regeneration  success. 

No  recommendations  can  be  made  concerning 
the  size  of  opening  that  will  restock  to  natural 
reproduction,  or  the  cultural  practices  and  protec- 
tive measures  needed  to  encourage  seedling  estab- 
lishment. This  study  suggests  however,  that  (1) 
seed  supply  is  not  the  factor  limiting  regeneration 
success  in  small  openings;  (2)  some  form  of  seedbed 
preparation— at  least  the  removal  of  heavy  accumu- 
lations of  duff  and  litter— is  needed  to  encourage 
seedling  establishment,  and  (3)  if  new  seedlings  are 
to  survive,  they  must  be  protected  from  adverse 
environmental  factors  such  as  intense  solar  radiation 
and  high  temperatures,  low  temperatures  and  frost 
heaving,  and  drying  winds. 

Considerably  more  information  is  needed  on 
germination  and  survival  under  different  combina- 
tions of  seedbed  and  environment  to  provide  esti- 
mates of  the  probability  of  seedling  establishment. 
Additional  data  are  also  needed  on  the  amount  of 
seed  produced,  periodicity  of  seed  crops,  and  dis- 
persal distances  to  work  out  relationships  betv/een 
seed  supply  and  size  of  opening.  Once  estimates 
of  seed  supply  and  the  number  of  seeds  required 
to  provide  an  established  seedling  are  available, 
the  size  of  opening  that  will  restock  to  natural 
reproduction  can  be  determined  for  a  variety  of 
conditions. 


Agriculture  —  CSU,  Ft  CollinB 
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As  our  Nation  grows,  people  expect  and  need  more  from  their 
forests— more  wood;  more  water,  fish  and  wildlife;  more  recreation 
and  natural  beauty;  more  special  forest  products  and  forage.  The 
Forest  Service  of  the  U.  S.  Department  of  Agriculture  helps  to 
fulfill  these  expectations  and  needs  through  three  major  activities: 

•  Conducting  forest  and  range  research  at  over  75  locations 
ranging  from  Puerto  Rico  to  Alaska  to  Hawaii. 

•  Participating  with  all  State  forestry  agencies  in  cooperative 
programs  to  protect,  improve,  and  wisely  use  our  Country's 
395   million   acres  of  State,  local,  and  private  forest  lands. 

•  Managing  and  protecting  the  187-million  acre  National 
Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the  new 
knowledge  that  research  scientists  develop;  by  setting  an  example 
in  managing,  under  sustained  yield,  the  National  Forests  and 
Grasslands  for  multiple  use  purposes;  and  by  cooperating  with  all 
States  and  with  private  citizens  in  their  efforts  to  achieve  better 
management,  protection,  and  use  of  forest  resources. 

Traditionally,  Forest  Service  people  have  been  active  members 
of  the  communities  and  towns  in  which  they  live  and  work.  They 
strive  to  secure  for  all,  continuous  benefits  from  the  Country's 
forest  resources. 

For  more  than  60  years,  the  Forest  Service  has  been  serving 
the    Nation   as   a    leading   natural    resource   conservation   agency. 
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Root  Competition  Beween  Ponderosa  Pine  Seedlings  atnId  Grass 


M.   M.    Larson   and  Gilbert  H.   Schubert 


Introduction 

Grass  is  a  common  ground  cover  throughout  the  ponderosa 
pme  (Pmus  ponderosa  Laws.)  forests  of  the  Southwest.  Although 
a  valuable  forage  resource,  its  presence  is  definitely  detrimental 
to  initial  establishment  of  coniferous  reproduction.  Certain 
grasses,  however,  seem  to  compete  less  intensely  than  others 
with  pine  seedlings.  This  difference  in  competitiveness  is 
exemplified  by  two  native  bunchgrasses:  Arizona  fescue  (fes/uca 
anzonica  Vasey),  a  strong  competitor,  and  mountain  muhly 
(A/lu/i/enbergia  montana  (Nutt.)  Hitchc.  ),  a  mild  competitor 
(Pearson  1942).  This  Paper  reports  on  investigations  of  the  tree- 
grass  relationship  on  the  Fort  Valley  Experimental  Forest  near 
Flagstaff,  Arizona. 


Materials  and  Methods 

The  study  was  conducted  in  two  environments:  glass-faced 
planter  boxes  set  in  the  ground  at  the  Fort  Valley  nursery,  and 
field  plots  in  a  nearby  old  clearcut  opening  in  a  ponderosa  pine 
stand.  Both  locations  were  at  an  elevation  of  about  7,400  feet. 


Glass-faced  Planter  Boxes 

Dormant  ponderosa  pine,  Arizona  fescue,  and  mountain 
muhly  seedlings  were  planted  on  April  12,  1963,  in  nine  glass- 
faced  boxes  previously  described  by  Larson  (1962)  and  Lavin 
(1961)  to  study  root  development.  These  boxes,  2  feet  by  3 
inches  at  the  top  and  2  feet  deep,  were  slid  into  wooden  frames 
that  had  been  buried  in  the  ground  at  a  30"  angle  from  vertical. 
The  side  of  the  box  with  the  removable  glass  face  was  placed 
downward  and  the  top  level  with  the  soil  surface. 

Moist,  gravelly,  clay  loam  soil,  derived  from  basalt,  was 
dug  from  a  nearby  pit  and  transferred  to  the  boxes  at 
approximately  the  some  original  horizons.  Adequate  dramage 
was  provided  through  a  layer  of  coarse  volcanic  cinders  and 
holes  drilled  in  the  bottom  of  the  boxes.  After  each  box  was 
filled  with  soil  it  was  lifted  from  the  wooden  frame,  placed  flat 
on  the  ground,  and  the  glass  plate  removed. 

Seedlings  were  then  placed  on  the  exposed  soil  at  regular 
planting  depth  with  roots  extended.  Two  2-0  ponderosa  pines 
from  the  adjacent  nursery  beds  were  planted  1  foot  apart  in 
each  of  the  nine  boxes.  Arizona  fescue  and  mountain  muhly 
plants  from  a  nearby  natural  grass  stand  were  separated  into 
very  small  individual  entities,  root  pruned  to  4  inches,  and  then 
planted  in  six  of  the  boxes,  three  tor  each  of  the  two  grass 
species.  Three  grass  transplants  were  planted  on  each  side  of 


the  pine.  The  glass  was  then  replaced  carefully  to  avoid  dis- 
turbing the  roots  and  the  box  inserted  into  the  frame. 

The  plants  were  watered  immediately  after  planting  and  at 
weekly  intervals  during  the  spring  and  fall  drought  periods. 
Each  watering  was  equivalent  to  0.5  inch  of  rain. 

Roots  were  measured  twice  weekly  during  the  spring  of  the 
first  growing  season.  The  interval  between  subsequent 
measurements  was  adjusted  according  to  the  amount  of  new 
root  growth.  Heights  were  measured  several  times  during  the 
growing  season. 

Final  measurements  were  made  at  the  end  of  two  full 
growing  seasons.  After  the  depth  of  the  pine  root  system  was 
measured,  the  pine  and  grass  seedlings  were  carefully  washed 
from  the  soil.  New  root  tips  on  the  pines  were  counted,  then  all 
plants  were  photographed,  dried,  and  weighed. 


field  Plots 

Two-year-old  ponderosa  pine  seedlings  were  planted  April 
25-28,  1964,  in  six  replications  each  containing  six  plots  — two 
each  of  Arizona  fescue,  mountain  muhly,  and  denuded  cover 
types.  Nine  pine  seedlings,  of  Arizona  seed  origin  grown  at  the 
Bend  Nursery  in  Oregon,  were  planted  at  a  1 -foot  spacing  in 
each  of  the  3-foot-square  plots. 

The  natural  gross  stand  in  the  study  area  consisted  almost 
entirely  of  the  two  bunchgrass  species  arranged  as  o  mosaic  of 
single  species  clumps  up  to  6  feet  in  diameter.  Plots  were  located 
in  the  centers  of  the  grass  clumps  and  denuded  spots.  All  six 
plots  of  each  replication  were  within  a  25-foot-square  area. 
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Figure  1. — Mountain  muhly  oovev  type  plot 
planted  with  nine   2-0  ponderosa  pine 
seedlings  J    one   to  each  square  foot.      The 
black  border  is   the  upper  edge  of  the 
plastic  root  barrier.      White   tags  indi- 
cate  the   location  of  some  pine  seedlings. 
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Table  1. --Average  growth  per  planter  box  of  fescue  and  muhly  grasses  after 

two  growing  seasons 


Grass  species 


Dry  weight 


Roots^  "   Tops Total 


Root/shoot 
rat  io 


Leaf  height 


Fescue 
Muhly 


-   - 

-  Grams  - 

-  - 

106.0 

2it9.3a 

148.7c 

2.15d 

76.0 

73.2b 

149.2c 

1  .Oke 

I nches 

10. 3f 
14. 3g 


^Root  dry  weight  of  the  two  grasses  significantly  different  at  the  10  per- 
cent leve 1 . 

^Any  two  means  in  each  column  not  followed  by  a  similar  letter  are  signif- 
icantly different  at  the  5  percent  level. 


Table  2. --Average  growth  per  plant  of  ponderosa  pine  seedlings  grown  in 

three  cover  types  in  planter  boxes 


Cover 

type 

Dry  weight 

Root  growth 

Roots 

Tops 

Net  ga i  n^ 

Act  i ve 
laterals^ 

Longest 
root^ 

-   - 

-  Grams  - 

-   - 

Number 

1 nches 

Fescue 

^^0.573 

0.90c 

0.24e 

1.2g 

20. 8i 

Muhly 

.96a 

1  .22c 

.80e 

3.2g 

22.8 ij 

Grass- 

free 

3.37b 

4.75d 

6.76f 

13. 2h 

27. 5  j 

^Net  gain  =  dry  weight  (roots  +    tops)  when  harvested  minus  dry  weight 

(estimated  from  green  weight)  when  planted. 
^First-  and  second-order  lateral  roots  with  white  tips  were  considered 

"active." 
^Measured  from  root  crown  to  tip  of  longest  lateral  root. 
^Any  two  means  in  each  vertical  column  not  followed  by  a  similar  letter 

are  significantly  different  at  the  5  percent  level. 


Results  of  field  Tests 


Watered  pine  seedlings  survived  better  than  unwatered 
seedlings  the  first  growing  season.  Mortality  of  watered  pines 
averaged  32  percent,  with  no  significant  differences  among  the 
three  cover  types  (fig.  7).  Mortality  of  unwatered  pines  averaged 
about  72  percent,  with  significant  differences  umong  cover 
types. 

Mortality  of  watered  seedlings  was  highest  during  the  first 
winter  after  planting,  whereas  mortality  of  unwatered  seedlings 
was  highest  during  the  spring  drought  soon  after  planting. 

Poor  vigor  of  the  pine  seedlings  was  evident  during  the  first 


growing  season.  By  July  1 4,  only  6  of  the  36  excavated  seedlings 
had  new  root  growth.  Furthermore,  many  of  the  pines  had 
western  gall  rust. 

Only  57  pines  survived  the  two  growing  seasons  In 
general,  unwatered  pines  in  the  denuded  plots  grew  better  than 
those  in  a  grass  cover  (table  3).  However,  unwatered  pines  in 
muhly  tended  to  grow  better  than  those  in  fescue.  V^atered  pines 
grew  equally  well  in  all  cover  types,  but  significantly  less  than 
those  in  unwatered  bare  plots. 

Pine  seedlings  grew  less  than  2  inches  in  height  during  the 
two  growing  seasons.  Watered  fescue  and  muhly  plants 
averaged  18  inches  in  height  compared  to  15  inches  for 
unwatered. 


-4- 


RootSj   at  end  of 
second  growing 
season^   washed 
from  a  glass- faced 
planter  box: 

Figure  4. — 

Left 3   ponderosa  pine 
and  Arizona  fescue; 

Rightj   pine  removed 
from  fescue. 


Figure   5. — 

Leftj   ponderosa  pine 
and  mountain  muhly ; 

Fightj   pine  removed 
from  muhly. 
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FigvLre   6.  — Ponderosa  pine, 
grown  without  competing 
grass. 
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Figure  7. — Cvmulative  mortality  of  ponderosa  pine  seedlings  planted 
in  field  plots  containing  Arizona  fescue  and  mountain  muhly ^  1964 
(last  aount  on  October  27)   and  1965    (last   count  on  October  4). 


Table  3-~~Average  growth  of  unwatered  ponderosa  pine  seedlings  after 
two  growing  seasons,  by  cover  type 


Dry  weight 

Root  growth 

Cover  type 

Roots 

Tops 

Lateral 
root 

length^ 

Deepest 
root 

Act  i  ve 
root 
tips^ 

-  Grams  - 

-   -  IncP 

les  - 

Number 

Fescue 

30.95a     1.10a 

8.90a 

18. 45a 

0.69a 

Muhly 

1.79b     2.76ab 

10.70a 

20.81a 

2.19a 

Denuded 

3.73c     6.98b 

21 .kOb 

29.09b 

6.92b 

^Determined  by  averaging  the  four  longest  lateral  roots  of  each 

seed  1 i  ng . 
^Al 1  roots  that  had  light-colored  root  tips  were  counted  as  "active." 
^Any  two  means  in  each  vertical  column  not  followed  by  a  similar 

letter  are   significantly  different  at  the  5  percent  level. 
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Soil  moisture  depletion  was  least  on  the  denuded  and 
greatest  on  the  fescue  plots  (figs.  8,  9).  Soil  moistures  were 
significantly  different  in  early  July  and  October  in  1964  and  in 
July  and  September  in  1965.  Fescue  reduced  the  moisture 
potential  of  soil  at  the  4-inch  depth  to  or  below  -15  bars  twice 
during  both  years,  whereas  muhly  reduced  the  moisture  to  this 
extent  only  once  each  year.  Soil  moisture  below  16  inches  was 
continuously  adequate  for  plant  growth  both  years  Soil 
moisture  at  the  4-inch  depth  in  watered  plots  was  maintained 
between  20  to  27  percent. 

Thermistors  installed  in  the  moisture  blocks  performed  too 
poorly  to  warrant  a  detailed  presentation  of  the  results. 
However,  a  few  did  provide  consistent  readings  that  indicated 


temperature  trends.  Soil  temperatures  at  the  16-  and  24-inch 
depths  increased  from  the  low  40"  F.  in  early  May  to  about  70° 
F.  in  mid-August.  Noon  soil  temperatures  at  4-inch  depths 
exceeded  75°  F.  only  in  the  denuded  unwatered  plots.  These 
temperatures  averaged  about  2°  to  4°  F.  higher  than  those  at 
the  same  depth  in  unwatered  grass-covered  plots  and  up  to  16" 
F.  higher  than  those  in  watered  denuded  plots  during  the  warm, 
dry  periods.  Soil  temperatures  in  the  watered  grass  plots 
averaged  3°  to  5°F.  cooler  than  those  for  unwatered  plots. 
During  the  rainy  season,  soil  temperatures  at  the  4-inch  depth 
were  similar  for  all  plots. 

Average  weekly  air  temperatures  at   3  inches  above  the 
ground  did  not  exceed  68"  F.  during  the  two  growing  seasons 
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Figure   8. — 1964. 


Figure   9.— 1965. 


Soil  moisture    (weight  of  water /weight  of  dry  soil  in  percent)   at  indicated 
depths  for  each  unwatered  cover  type  June-Octoher .     Moisture  content  of 
surface  soil  at  a  matric  potential  of  -15  bars  is  shown. 
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(fig.  10).  Average  weekly  minimum  temperatures  were  usually 
under  50°  F.  with  temperatures  dropping  to  or  below  32"  F. 
every  month.  Maximum  air  temperatures  never  exceeded  100"  F. 

About  1  1  inches  of  rain  fell  on  the  study  area  each  year 
during  the  period  June  1  to  September  30.  Relative  humidities 
ranged  from  15  to  30  percent  at  noon  during  the  drought 
periods,  and  40  to  50  percent  during  the  late  July-August  wet 
periods. 

Needle  moisture  content  (NMC)  of  the  pines  averaged  165 
percent  at  time  of  planting.  On  June  3,  the  overage  NMC  of  the 
needles  dropped  to  140  percent,  with  no  significant  treatment 
differences  (table  4).  By  July  11,  near  the  end  of  the  spring 
drought,  the  NMC  of  live  seedlings  averaged  only  108  percent. 
At  this  time  the  average  NMC  of  watered  seedlings  was 
significantly   higher  than  that  of   unwatered   seedlings   in  each 


cover  type.  Furthermore,  the  NMC  of  unwatered  seedlings  was 
significantly  higher  for  pines  in  the  denuded  plots  than  in  the  two 
grass-covered  plots.  By  August  31  (after  several  rains)  the 
overage  NMC  of  live  seedlings  was  up  to  1  28  percent. 

Trends  in  water  saturation  deficits  (WSD)  of  seedlings  were 
similar  to  those  of  NMC  (table  4).  Values  for  WSD  and  NMC  ore 
inversely  related  to  each  other.  The  WSD  was  8  percent  (near 
full  saturation)  at  time  of  planting,  35  percent  on  July  1  1 
(symptoms  of  wilting  observed)  and  28  percent  on  August  31. 
Both  WSD  and  NMC  were  more  favorable  for  survival  of 
unwatered  pines  than  of  watered  pines  on  August  31 .  The  water 
balance  of  needles  (WSD  and  NMC)  was  similar  for  the  two 
collection  times  —  just  before  sunrise  and  10  hours  after  sunrise. 

The  NMC  and  WSD  measurements  on  June  3  were  related 
to  the  seedlings'  ability  to  survive  the  ensuing  drought  period 
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Figure   10. — Air  temperatures  at  Z  inches  above  ground  level    (weekly  average^ 
weekly  average  minimvcrij   and  lowest  minimum  recorded  each  week)   and  total 
weekly  precipitation  during  two  growing  seasons   1964    (June-October)   and 
1965    (June-September) . 
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Table  4. --Averages  of  needle  moisture  content  (NMC)  and  water  saturation 
deficit   (WSD)  of  ponderosa  pine  seedlings  at  three  dates  during  the 
C    first  growing  season  after  planting.   (Needles  collected  10  hours  after 
^  sunrise  on  clear  days) 


Cover 

Mol s ture 
treatment 

June  3 

July  11 

August  31 

type 

NMC 

WSD 

NMC 

WSD 

NMC 

WSD 

- 

-   -   - 

-  Percent 

- 

-     -     - 

- 

Fescue 

Watered 

1^3 

27 

114 

37 

129 

27 

Unwatered 

138 

30 

85 

46 

142 

22 

Muhly 

Watered 

141 

27 

132 

27 

126 

28 

Unwatered 

140 

28 

84 

44 

135 

21 

Denuded 

Watered 

140 

28 

128 

28 

124 

25 

Unwatered 
e 

137 

28 

106 

29 

130 

19 

Averag 

140 

28 

108 

35 

128 

25 

(figs.  11,  12).  The  probability  of  survival  of  watered  seedlings 
remained  favorable  (0.70)  even  when  the  June  3  NMC  was  low 
(110  percent)  or  the  WSD  was  high  (50  percent).  In  contrast,  the 
probability  of  survival  of  unwatered  pine  seedlings  was  less  than 
50  percent  when  the  NMC  was  below  146  percent  or  the  WSD 
was  above  25  percent. 

Discuision  and  Conclusions 

The  investigation  of  the  nature  and  effect  of  competition 
between  ponderosa  pine  seedlings  and  grass  has  provided  data 
on  growth  comparisons  and  reasons  why  pines  survive  and  grow 
better  in  gross-free  environments. 

Ponderosa  pine  seedlings  grew  best  on  well-prepared 
plots.  Root  and  top  growth  were  both  significantly  greater  when 
pines  were  grown  without  competition  from  gross.  The  pine 
seedlings  on  denuded  plots  showed  on  elevenfold  greater  net 
gain  in  dry  weight  than  those  grown  in  competition  with  gross. 
Dry  weights  of  roots  and  tops  of  pines  grown  on  bore  soil 
were  over  four  times  more  than  for  pines  grown  in  gross. 

Mountain  muhly,  a  worm-season  grower,  retarded  growth 
of  ponderosa  pine  seedlings  less  than  did  Arizona  fescue,  a  cool- 
season  grower.  Net  gain  in  dry  weight  of  pines  growing  with 
muhly  was  nearly  four  times  that  of  pines  growing  with  fescue. 

Gross  roots  grew  faster  than  pine  roots.  Main  roots  of 
muhly  and  fescue  elongated  at  a  rote  50  percent  greater  and 
thereby  occupied  o  given  volume  of  soil  sooner  than  pine  roots. 
At  the  end  of  2  years,  dry  weight  of  gross  roots  was  11  to  16 
times  greater  than  the  weight  of  the  tree  roots  for  seedlings 
grown  in  planter  boxes.  However,  the  root  weight  of  the  grasses 
in  the  boxes  was  three  to  four  times  greater  than  the  root 
weights  reported  for  a  similar  volume  of  soil  in  an  ungrozed 
mountain    muhly    pasture    in    Colorado    (Schuster    1964). 

Arizona  fescue  and  mountain  muhly  were  more  drought 
tolerant  than  ponderosa  pine  seedlings.  Grass,  in  the  field  plots, 
recovered  original  greenness  and  grew  vigorously  following  the 
late  spring-early  summer  drought  when  the  soil   moisture  woj 


replenished  by  July  and  August  rains.  In  contrast,  about  half  of 
the  newly  planted  pines  in  the  field  plots  died  during  the  drought 
period  unless  watered.  Roots  of  both  pine  and  grasses  became 
dormant  as  the  soil  dried  out  in  the  planter  boxes.  When  the  soil 
was  rewetted  and  kept  moist,  the  grasses  produced  many  new 
laterals  and  a  flush  of  new  main  roots  within  2  to  3  weeks, 
whereas  pines  produced  only  a  few  new  roots  after  rewetting. 

A  faster  recovery  of  brome  grass  over  hardwood  seedlings 
during  droughts  was  also  reported  by  Lone  and  McComb 
(1948).  Richardson  (1953)  observed  that  grasses  reduced  the 
period  of  active  root  growth  of  Acer  seedlings,  and  noted  that 
grass  suppressed  lateral  root  growth  more  than  the  main  root  of 
tree  seedlings.  In  our  study,  laterals  grew  more  on  pine  seedlings 
grown  without  grass  than  in  boxes  with  gross. 

Arizona  fescue  and  mountain  muhly  depleted  soil  moisture 
faster  and  to  lower  levels  than  ponderosa  pines.  Similar  results 
were  reported  by  Pearson  (1950)  in  soil  moisture  trends  in 
natural  grass  end  denuded  areas.  Arizona  fescue  depleted  the 
soil  moisture  more  than  mountain  muhly,  and  reduced  it  to 
critical  levels  for  plant  growth  during  both  the  spring  and  fall 
droughts.  Conord  and  Youngmon  ( 1965)  found  that  cold-season 
pastures  suffered  more  often  from  midsummer  drought  than 
warm-season  pastures.  Barrett  and  Youngberg  (1965)  reported 
a  45  percent  greater  use  of  water  in  a  sapling  stand  of  pon- 
derosa pine  with  on  understory  than  in  one  without  an  under 
story. 

Arizona  fescue  completed  its  height  growth  by  about  mid- 
June  compared  to  late  summer  for  mountain  muhly,  Jameson 
(I'^dS)  found  similar  times  for  final  height  growth  of  oth;' 
warm-  and  cold-season  grasses  in  northern  Arizona.  In  our 
study  both  grasses  formed  new  short  leaves  in  the  foil  that  were 
carried  through  the  winter. 

Pine  seedlings  hod  a  lateral  root  system  advantage  over 
the  grasses.  Some  first-year  laterals  on  the  pines  exceeded  30 
inches  in  the  field  experiments.  Schuster  (1964)  reported  that 
rhe  root  spread  for  fescue  and  muhly  averaged  only  about  1 
foot  in  ungrozed  pastures.  This  widespread  root  system  of  pmes 
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Figure   12. --Relationship  between  the  water 
saturation  deficit    (WSD)   of  watered  and 
unwatered  pine  seedlings  on  June   2  and 
the  probability  of  survival   to  July   21. 
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is  better  than  the  compact  root  system  of  grasses  because  it 
provides  a  larger  area  to  tap  soil  moisture. 

Soil  moisture  remained  high  below  the  16-inch  depth  for  all 
cover  types,  with  few  grass  roots  below  this  depth.  Similar  results 
were  obtained  by  Schuster  (1964)  and  by  Cohen  and  Strickling 
(1968).  Main  roots  of  all  surviving  pines  extended  below  the  16- 
inch  depth. 

Established  pines  can  tolerate  some  competition  for 
moisture  by  grasses.  Only  9  percent  of  the  pines  that  survived  the 
first  drought  period  died  during  the  second  growing  season.  In 
California,  Baron  (1962)  found  that  ponderosa  pines  were  able 
to  compete  with  grasses  if  the  pines  were  planted  before  or  at 
the  same  time  the  area  was  seeded  with  grass.  However,  pine? 
sustained  heavy  mortality  on  areas  planted  a  year  or  more  after 
the  grass  seeding.  In  Arizona,  pines  from  the  successful  1919 
seedling  crop  gained  dominance  over  the  grasses  within  5  years 
(Arnold  1950).  Pearson  (1942)  reported  that  pines  from  the 
1919  seedling  crop  survived  in  great  numbers  in  competition 
with  muhly  but  not  with  fescue. 

Pine  seedlings  grew  best  in  unwatered  bare  plots.  The 
relatively  poor  growth  of  watered  seedlings  may  hove  been  due 
to  excessive  water  at  the  lower  soil  depths.  Soil  moisture  at  the 
4-inch  depth  usually  remained  below  field  capacity,  but  mois- 
ture at  lower  depths  was  not  measured  in  watered  plots.  Also, 
the  midday  soil  temperatures  of  unwatered  plots  were  often 
considerably  higher  and  more  favorable  for  seedling  growth 
than  were  the  temperatures  of  watered  plots. 

There  was  no  evidence  that  grass  roots  produced  growth 
inhibitors  that  suppressed  the  elongation  of  pine  roots.  Pine 
roots  elongated  as  rapidly  in  boxes  with  grass  as  those  without 
gross  OS  long  as  soil  moisture  was  adequate  (fig.  2).  Also,  pine 
seedling  survival  the  first  season  in  the  watered  field  plots  was 
similar  for  all  cover  types.  The  grasses  may  have  produced 
growth  inhibitors  when  soil  moisture  stress  was  high,  but  the  two 
effects  cannot  be  separated  in  these  data. 

Height  growth  of  pine  seedlings  was  a  poor  indicator  of 
competition.  Frequently,  ponderosa  pines  make  very  little  top 
growth  the  first  year  or  two  after  outplanting.  Most  of  the 
growth  during  these  years  is  on  the  root  system.  Richardson 
(1953)  concluded  that  height  increment  was  an  unsatisfactory 
basis  for  comparative  growth  studies  of  young  trees.  Sutton 
(1967)  found  that  first-year  height  increment  of  outplanted 
spruce  seedlings  was  similar  for  several  levels  of  root  pruning. 

Water  balance  of  pine  seedlings  varied  both  with  season 
and  treatment.  The  needle  moisture  content  (NMC)  and  water 
saturation  deficits  (WSD)  data  indicated  that  the  internal 
moisture  stress  of  needles  was  low  at  time  of  planting  and  very 
high  during  early  summer  drought.  During  this  drought  period, 
pine  seedlings  in  unwatered  plots  containing  fescue  and  muhly 
developed  greater  internal  moisture  stresses  than  pines  in 
denuded  or  watered  plots.  After  2  months  of  summer  rains, 
however,  the  water  balance  of  unwatered  pines  was  better  than 
that  of  the  watered  pines  (table  4).  This  late  summer  difference 
in  water  balance  may  not  be  significant,  however.  The  NMC  and 
WSD  data  recorded  on  August  31  included  statistics  for  poor- 
quality  watered  pines  that  later  died  during  the  fall  and  winter 
months  (fig.  7).  The  poor-quality  unwatered  pines  were  not 
included  since  they  had  already  died  during  the  June  drought. 

Water  saturation  deficit  (WSD)  of  pine  seedlings  on  June  3 
was  a  better  indicator  of  survival  potential  than  NMC  (figs.  1  1, 
1  2).  Seedlings  with  WSD  volues  above  25  percent  on  June  3  had 
less  than  a  50-50  chance  to  survive  the  June  drought. 
Oppenheimer  and  Shomer-llan  (1963)  observed  internal  cellular 
damage  in  needles  of  Pinus  pinea  and  P.  ho/epensis  that  reached 
a  WSD  of  25  percent. 

Pine  needles  displayed  various  visual  symptoms  of  drought 
damage.  These  symptoms  were  related  to  NMC  as  follows: 
needles  green,  150  percent;  needles  light  green.  111  percent; 
tips  of  needles  brown,   107  percent;  needles  with  purplish  cast. 


101  percent;  needles  with  necrotic  yellow  spots,  84  percent;  and 
needles  yellow,  55  percent.  The  coefficients  of  variation  ranged 
from  5  percent  for  seedlings  with  yellow  needles  to  17  percent 
for  seedlings  with  light  green  needles.  A  needle  moisture  content 
(NMC)  (based  on  ovendry  weight)  less  than  110  percent 
combined  with  o  WSD  greater  than  45  percent  appears  to  be 
the  "point  of  no  return"  for  ponderosa  pine  seedling  survival. 
Ursic  (1961)  concluded  that  an  NMC  of  about  80  percent 
identified  the  death  point  of  loblolly  pine  {Pinus  faeda  L.) 
seedlings. 

Needles  subjected  to  severe  drought  may  not  fully  recover 
their  former  turgidity  after  the  drought  is  broken.  Freshly  cut 
needle  fascicles  were  saturated  and  subjected  to  simulated 
drought  conditions  by  drying  until  various  water  saturation 
deficits  (WSD)  up  to  42.2  percent  were  reached.  The  needles 
were  then  resoturated  and  reweighed.  Differences  in  water 
content  between  first  and  second  saturations  became 
progressively  larger  as  the  WSD  increased. 


Recommendations 

Results  of  this  study  show  that  ponderosa  pine  should  be 
planted  only  on  grass-free  areas.  Therefore,  if  grass  is  present,  it 
must  be  killed  or  removed  before  trees  are  planted.  Furthermore, 
since  water  is  in  short  supply  and  pine  roots  reach  out  several 
feet,  complete  site  preparation  provides  the  best  condition  for 
tree  survival  and  growth.  Partial  site  preparation  has  been 
inadequate  and  is  not  recommended  for  the  Southwest. 

Grass  con  be  effectively  killed  with  dalapon  during  the 
summer  or  removed  with  a  bulldozer  in  the  fall  before  planting. 
Current  research  will  determine  if  grass  can  be  effectively  killed 
with  other  herbicides  at  time  of  planting.  Until  new  research 
provides  other  alternatives,  dalapon  or  bulldozer  treatment  at 
the  recommended  times  are  the  best  methods  to  prepare 
planting  areas. 
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USE    PESTICIDES    CAREEULLY! 

This  publication  reports  research  invol ving  pesticides .  It  does  not  contain  recom- 
mendations for  their  use.  nor  does  it  imply  that  the  uses  discussed  here  have 
been  registered.  All  uses  of  pesticides  must  be  registered  by  appropriate  State 
and  ^or  Eederal  agencies  before  they  can  be  recommended. 

Pesticides     can     be    injurious     to    humans,    domestic    animals,     desirable    plants, 

honeybees   and  other  pollinating  insects,   and  fish   or  other  wildlife //  they  are 

not  handled  or  applied  properly.  Use  all  pesticides  selectively  and  carefully . 
Eolloiv  recommended  practices  for  the  disposal  of  surplus  pesti cides  and  their 
containers. 
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Germination  and  Establishment  of 
Foupwing  Saltbush  in  the  Southwest 

H.   W.   Springfield 


PURPOSE  OF  THE  STUDY 

Fourwing  saltbush  (Atriplex  canescens  (Pursh) 
Nutt.)^  is  one  of  the  most  important  shrubs  on 
western  ranges.  Widely  distributed,  this  plant  fur- 
nishes forage  for  livestock  and  wildlife  in  all  sea- 
sons; it  is  especially  valuable  as  browse  on  winter 
ranges.  Also  known  as  chamiza  in  the  Southwest, 
and  as  buckwheat  shrub,  white  greasewood,  salt- 
sage,  bushy  atriplex,  and  wafer  sagebrush  else- 
where, fourwing  saltbush  derives  itsmost  common 
name  from  the  characteristic  four-winged  fruit.  Its 
importance  is  due  to  abundance,  accessibility,  size, 
large  volume  of  forage,  evergreen  habit,  high  pala- 
tability,  and  nutritive  value  (U.  S.  Forest  Service 
1937).  Nearly  70  years  ago.  Smith  (1900)  recom- 
mended this  species  for  cultivation  because  of  its 
high  nutritive  value  and  growth  on  poor  and  salty 
soils. 

Through  the  years,  fourwing  saltbush  has  been 
seeded  numerous  times  by  ranchers  and  public 
agencies.  Some  seedings  were  successful,  but  many 
of  them  failed.  Poor  seedbed  preparation,  wrong 
time  of  seeding,  and  destruction  by  rabbits  or  ro- 
dents have  been  offered  as  explanations  for  the 
seeding  failures.  Recent  investigations  indicate  many 
different  factors  influence  thegermination  and  estab- 
lishment of  fourwing  saltbush.  The  results  of  a 
variety  of  experiments  are  summarized  in  this  report. 
The  information  should  be  useful  to  anyoneplanning 
to  revegetate  ranges  with  fourwing  saltbush. 


DISTRIBUTION   AND    GENERAL  CHARACTERISTICS 

Fourwing  saltbush   grows   from  eastern  Oregon 
to  North   Dakota   and   southward  to  Mexico,  and  is 

^Common  and  botanical  names  of  plants  as- 
sociated with  fourwing  saltbush  are  listed  on 
page   48. 


common  in  central  and  southern  Nevada,  Utah, 
Arizona,  New  Mexico,  the  Mojave  and  Colorado 
Deserts  of  California,  western  Texas,  and  northern 
Mexico.  _A^  canescens  is  one  of  the  most  widely 
distributed  species  of  Atriplex  in  the  United  States 
(Bidwell  and  Wooten  1925,  Dayton  1931). 

It  is  a  common  plant  of  dry,  moderately  saline 
sites  in  the  plains,  foothills,  and  intermountain  val- 
leys of  the  creosotebush,  sagebrush,  desert  grass- 
land, oak  woodland,  and  pinyon-juniper  types.  Some- 
times it  is  the  dominant  species  over  extensive 
areas,  but  more  often  it  grows  mixed  with  other 
shrubs,  grasses,  and  forbs. 

Plants  grow  naturally  under  a  variety  of  soil 
and  climatic  conditions.  It  is  found  on  sand  dunes, 
alluvial  flood  plains,  gravelly  washes,  mesas,  ridges, 
and  slopes.  Usually  it  is  most  vigorous  in  sandy 
loam  or  loam  soils,  but  plants  will  grow  in  clay 
soils.  It  toleraies  salinity,  but  is  not  restricted  to 
saline  soils  (U.  S.  Forest  Service  1937).  Wilson 
(1928)  reported  it  does  not  grow  naturally  on  non- 
calcareous  soils. 

Roots  of  mature  plants  will  reach  depths  of 
5  to  1  5  meters  (m.)  in  alluvial  soils.  Its  extensive 
root  system  makes  the  plant  remarkably  drought 
resistant  (Van  Dersal  1938). 

Fourwing  saltbush  ismedium  sized,  grayish  white, 
and  evergreen  (fig.  1).  Ordinarily,  mature  plants 
are  1  to  2  m.  tall.  Plants  branch  freely  from  the 
ground  surface;  the  woody  branches  are  rigid  and 
rather  brittle.  Bark  of  the  older  branches  is  rough- 
ened by  small  longitudinal  fissures  and  exfoliates. 
The  leaves,  pale  grayish  green,  thick,  glabrous, 
alternate,  and  often  clustered,  are  mostly  2  to  5 
cm.  long  and  2  to  7  mm.  wide.  Though  the  plant 
is  classed  as  an  evergreen,  many  leaves  are 
dropped  each  year,  especially  during  winter  at  the 
higher  elevations.  Staminate  and  pistillate  flowers 
are  on  different  plants.  The  nonshowy,  small, 
greenish-yellow  flowers  form  in  panicles  at  the  ends 
of  young  stems  during  summer.    Characteristic  four- 
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figuA^   1  .--V'Lgon.ou-!> ,    pfiodactLvt,    (lOuMioing 


winged  fruits  develop  gradually  through  the  summer, 
turn  yellow,  and  ripen  in  the  fall.  The  fruit  is  dis- 
persed by  wind  and  gravity.  Seed-bearing  age 
ordinarily  is  2  to  4  years,  but  1-year-old  plants 
have  produced  seed  (fig.  2). 

One  of  the  most  palatable  of  southwestern  shrubs, 
the  leaves,  stems,  and  fruits  of  fourwing  saltbush 
are  cropped  by  all  classes  of  livestock,  hlorses 
and  deer  browse  fourwing  saltbush  mainly  during 
the  winter  (Judd  1962).  Scaled  quail  utilize  the 
plant  for  shade,  cover,  roosting,  and  food  (Van 
Dersal  1938).  Burnham  and  Johnson  ( 1  950)  recom- 
mend it  for  quail  cover  in  New  Mexico.  Its  forage 
value  is  almost  legendary;  a  large  number  of  refer- 
ences testify  to  its  nutritive  quality  and  useful- 
ness (Dayton  1931  ,  Bridges  1942,  Benson  and  Bor- 
row 1944,  Cook  et  al.  1954).  The  plants  are  rela- 
tively high  in  crude  protein,  calcium,  and  phos- 
phorus throughout  the  year,  as  shown  by  these 
analyses  of  samples  from  central  New  Mexico  (Wat- 
kins  1943): 

Crude  protein     Calcium     Phosphorus 
-     -     -    (Percent)   -     - 


hiatt  and  (^exnatz  (,loioe.u 
ix6U(ttty  oKd  bofinz  on 
itpciAcit^  ptanti.     The, 
"4eed"  ox  {^KuUX 
iaJyticte] ,  -Li,  om 
dtlttd,   one.  needed, 
and  ^ouJuvi.nge.d. 
A  6-ingtii  tciUge  plant 
may  yield  a6  much  ai 
10  poundi  o{f  iized. 


March 
June 

September 
December 


10.0 
15.8 
13.5 
11.1 


1.5 
1.3 
1.4 
1.0 


0.09 
.20 
.15 
.12 


Bidwell  and  Wooten  (1925)  reported  protein  con- 
tents of  14  to  18  percent  for  samples  collected 
in  midwinter.  Cattle  have  been  held  exclusively 
on  fourwing  saltbush  areas  for  9.5  months  to  dem- 
onstrate its  value  as  an  emergency  feed  (Foster 
et  al.  1921).  Costello  ( 1  944)  reported  cattle  gained 
more  on  pastures  where  there  were  fourwing  salt- 
bush plants.  Saltbushes  are  classed  as  secondary 
selenium  absorbers  in  that  the  plants  will  accumu- 
late this  element  on  selenium-bearing  soils  (Schmutz 
et  al.  1968). 
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METHODS  OF  STUDY 

Seed  germination  and  seedling  characteristics 
were  studied  mainly  in  a  laboratory  and  nursery 
at  Santa  Fe,  New  Mexico.  ^  Methods  of  estab- 
lishment and  adaptability  were  studied  at  several 
representative  sites  (table  1  j.** 

^These  studies  were  conducted  in  coopera- 
tion with  the  New  Mexico  Department  of  Game  and 
Fish  under  the  Federal  Aid  to  Wildlife  Restora- 
tion Act,  Pittman-Rohertson  Research  Project 
W-109-R-Z,    "Range  Revegetation  Investigations .  " 

^ Field  studies  were  made  mostly  on  Na- 
tional Forests  in  cooperation  with  the  South- 
western Region  of  the  U.  S.  Forest  Service, 
Albuquerque,    New  Mexico. 


figujie  2. --Tito,  plant  eAtabtlihed  cut  Santa  Fe, 
MeiU  Mexx^co,  by  dln.&ct  ieedtng  in  Auguit  1967 
pn.oduce.d  it2.d  In  Saptzmb^x   196S. 


Seed  germination  studies  were  conducted  in  a 
standard  Da-Lite  (Stults  Scientific)  germinatot^ 
equipped  to  control  temperature  (55°  to  90°  ^)  and 
light,  a  Mangelsdorf  germinator  with  temperature 
(70°  to  1  10°)  controls  only,  and  a  refrigerator  modi- 
fied to  furnish  temperature  regimes  within  the  range 
of  35°  to  70°  with  or  without  light.  All  tests  were 
made  in  petri  dishes  or  small  plastic  boxes.  Various 
substrata  were  tried,  but  vermiculite  was  the  most 
commonly  used  substratum. 

Seedling  characteristics  were  studied  in  a  plastic 
greenhouse  and  lathhouse.  Most  of  the  studies 
were  set  up  in  nursery  flats  containing  plant  bands 
(fig.  3).  Different  soils  and  horticultural  mixes  were 
used.  Seeds  were  sown  directly  into  the  plant 
bands.  Other  studies  were  conducted  in  I -quart 
to  1 -gallon  containers  filled  with  soil  from  a  repre- 
sentative site  or  with  mixtures  of  soil,  sand,  and 
vermiculite. 

Adaptability  to  different  climates  and  soils  was 
studied  by  using  transplants,  which  were  planted 
at  several  representative  sites.  These  plants  were 
grown   from    seeds   collected   at   a   variety   of  sites, 

^Trade  names  and  company  names  are  used 
for  the  benefit  of  the  reader  and  do  not  imply 
endorsement  or  preferential  treatment  by  the 
U.    S.    Department  of  Agri-culture. 

^All  temperatures  are  given  in  Fahrenheit 
deqrees. 


FlguAz  i.-'SatditLng   choAactenAAtlu 
ttie^e  tnveAtigatzd  through 
iitudioJ)  tn  nuMJiQjuj  ^Iciuti,   containing 
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Table  1. --Description  of  sites  in  New  Mexico  where  establishment 
and  adaptability  of  fourwing  saltbush  were  studied 


Precipitation 


Study  site 


Elevation 


Annual 


October 

through 

March 


Length 

of 
growing 
season 


Soil 
texture 


Principal 
understory  plants 


Corona 


Fort  Bayard 


Glorieta  Mesa 
(near  Pecos) 

Moni  ca 

(near  Magdalena) 

Quail  Restoration  Area 
(near  Santa  Fe) 

Silver  Hill 

(near  Magdalena) 

Taos  Junction 

(near  Tres  Piedras) 

Wingate 

(near  Gallup) 


(QRA) 


Feet 


Inches  Percent   Days 


6,300 

15 

30 

175 

6,300 

14 

33 

194 

7,200 

15 

29 

140 

7,500 

12 

31 

123 

6,400 

12 

33 

160 

6,900 

11 

31 

135 

7,200 

13 

37 

146 

7,400 

12 

34 

125 

Sandy  loam  Blue  grama,  western 
wheatgrass 

Clay  loam       Blue  grama,  side- 
oats  grama 

Loam       Blue  grama,  western 
wheatgrass 

Sandy  loam  Blue  grama,  ring 
muhly 

Sandy  loam  Blue  grama,  galleta 


Loamy  sand  Blue  grama,  sand 
dropseed 

Sandy  loam  Big  sagebrush,  blue 
grama 

Clay  Blue  grama,  western 

wheatgrass 


principally  in  Arizona  and  New  Mexico.  The  plants 
probably  constitute  different  geographic  strains  or 
ecotypes  with  different  site  requirements. 

Methods  of  establishment  were  investigated 
through  hand  trials  and  mechanized  seeding  tests 
at  several  field  sites.  These  involved  comparisons 
between  different  methods  of  seedbed  preparation 
and  seeding.  Seedling  emergence  and  survival, 
and  plant  establishment  and  growth  were  recorded. 


RESULTS  AND  DISCUSSION 

Seed  Characteristics 

What  we  commonly  refer  to  as  the  seed  of 
fourwing  saltbush  is  actually  the  fruit.  Known  to 
botanists  as  a  utricle,  the  fruit  is  indurate  and  thick 
walled.  The  true  seed,  which  measures  only  1  to 
3  mm.  long,  is  enclosed  within  the  fruit  (fig.  4). 
Because  of  the  difficulty  of  extracting  the  true  seeds, 
fruits  were  used  in  all  our  investigations.  Through- 
out this   report,   fruits   will  be  considered  as  seeds. 


of 


Size  of  seed  varies  greatly  from  site  to  site, 
plant  to  plant,  and  even  on  the  same  plant.  Length 
of  seed  for  117  collections  ranged  from  2.2  to  9.4 
mm.,  and  width  of  wings  from  4.9  to  23.2  mm. 
Number  of  seeds  per  pound  ranged  from  7,800 
to  54,900  for  winged  seed  and  from  13,200  to 
76,800  for  de-winged  seed.  According  to  the  Woody 
Plant  Seed  Manual  (U.  S.  Forest  Service  1948),  the 
average  for  winged  seed  is  22,500  per  pound. 
Wilson  (1928)  reported  there  are  30,000-40,000  seeds 
per  pound.  Differences  in  size  and  number  of  seed 
per  pound  for  eight  collections  in  New  Mexico  and 
Arizona  are  given  in  table  2. 


Seed  fill 


A  high  percentage  of  empty  seeds  apparently 
is  characteristic  of  fourwing  saltbush.  Only  slightly 
more  than  half  of  1  6,000  seeds  from  I  1  7  collections 
throughout     Arizona     and    New    Mexico    contained 
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Table  2. --Characteristics  of  fourwing  saltbush  seeds   collected  from  eight 

sources   in  New  Mexico  and  Arizona 


Seeds 
per  pound 


Seed  source 


Characteristics  of 
collection  site 


Geographic  location 


Elevation 


Annual 

precipi- 
tation 


Size 
of  seed 


Length 


Width 


Winged 


De-winged 


Feet 


Inches 


Mm. 


Mm. 


Number 


NEW  MEXICO: 

Isleta 

1  mile  east  of  Isleta 

5,000 

9 

4.7 

12.2 

18,000 

29,200 

Mountainai  r 

5  miles  south  of 
Mountainai r 

6,700 

14 

4.1 

10.7 

19,100 

38,100 

Corona 

6  miles  west  of  Corona 

5,300 

15 

4.5 

10.4 

25,300 

38,800 

Monica 

20  miles  west  of 
Magdalena 

6,600 

13 

5.2 

11.8 

14,800 

27,900 

Glenwood 

3  miles  south  of  Glenwo 

od 

4,500 

14 

3.7 

7.0 

28,900 

51,300 

ARIZONA: 

Flagstaff 

18  miles  northwest  of 
San  Francisco  Peaks 

6,500 

17 

2.8 

8.7 

34,000 

58,100 

Beaver  Creek 

3  mi les  southeast  of 
Camp  Verde 

3,500 

14 

3.5 

9.0 

26,600 

53,800 

Chevelon 

30  miles  south  of  Winsl 

ow 

6,200 

15 

4.6 

13.1 

17,500 

31,100 
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embryos.  The  average  was  53.6  percent  filled. 
Two-thirds  of  the  collections  had  less  than  60  per- 
cent filled: 


Table  4. --Relation  of  size  of  fourwing  salt- 
busli  seeds  to  percent  of  filled  seeds  from 
three  collection  sites 


Number  of 

Percent  fill 

coll 

ections 

1-10 

1 

11-20 

3 

21-30 

7 

31-40 

14 

41-50 

24 

51-60 

26 

61-70 

19 

71-80 

16 

81-90 

5 

91-100 

2 

No  relationship  was  found  between  percentage  of 
filled  seed  and  elevation  of  the  collection  site. 
Elevations  ranged  from  1,400  to  7,800  feet;  most 
were  from  4,000  to  7,000  feet. 

Percentage  of  filled  seed  generally  was  higher 
for  the  larger  seeds  (table  3).  The  proportion  of 
seeds  containing  embryos  was  highest  for  seeds 
classed  as  large  in  105  of  the  1  1  7  collections.  Year 
of  collection  only  slightly  affected  the  overall  average 
fill  percentages. 

Source  of  seed  also  is  a  factor  (table  4).  For 
example,  seeds  classed  as  small  in  the  Caballo 
collection  were  longer  and  wider  than  those  classed 
as  large  in  the  Safford  collection;  still,  all  sizes  of 
the  Safford  seeds  were  better  filled  than  the  Cabal- 
lo seeds. 


Table  3. --Percentage  of  filled  fourwing  salt- 
bush  seeds  of  different  relative  sizes  col- 
lected,  1960-64 


Year  of 

Average  filled  seec 
by  relative  size 

is, 

collection 

Large 

Medi  um 

Small 

Average 

- 

-     -   Perc 

;ent  -     - 

■     - 

1960 

59.3 

57.0 

53.3 

56.5 

1961 

57.6 

52.7 

40.8 

50.4 

1962 

61.8 

52.0 

45.5 

53.1 

1963 

66.5 

59.4 

43.8 

56.6 

1964 

61.8 

50.2 

41.5 

51.2 

Average 

61.4 

54.3 

45.0 

53.6 

-Mm.    -     - 


Percent 


Isleta 

Large 

5.5 

14.8 

94 

Medium 

4.8 

11.5 

91 

Smal  1 

3.9 

9.5 

91 

Caballo 

Large 

7.2 

23.2 

53 

Medium 

6.1 

18.2 

25 

Smal  1 

5.2 

14.0 

12 

Safford 

Large 

4.8 

10.6 

82 

Medium 

3.8 

8.2 

75 

Small 

3.2 

6.5 

65 

Table  5. --Percentage  of  filled  fourwing  salt- 
bush  seeds  collected  for  5  years   from  the 
same  plants   at  four  sites   in  New  Mexico 


Seed 

Eleva- 
tion 

Fi 

lied  seeds, 
of  seed  coll 

by  year 
ection 

source 

1961 

1963 

1964 

1965 

1966 

Feet 

- 

-     -  Percent  -     - 

- 

Corona 

6,500 

67 

51 

20 

36 

25 

Isleta 

4,900 

92 

86 

92 

91 

76 

Deming 

4,300 

78 

30 

59 

61 

57 

Hatch 

4,100 

41 

58 

58 

39 

(M 

^Plants  destroyed. 

The  only  two  collections  with  more  than  90 
percent  fill  were  from  a  single  plant  near  Isleta. 
Seeds  from  this  particular  plant  consistently  have 
had  a  higher  fill  than  seeds  from  other  sources 
(table  5),  which  suggests  percent  fill  may  be 
governed  primarily  by  genetic  factors,  or  possibly 
by  site  factors.  Data  for  the  other  sources,  how- 
ever, indicate  year-to-year  variations  in  weather 
or  other  environmental  factors,  including  prevailing 
winds,  probably  are  important,  too. 

Germination  data  available  for  seeds  from  52 
of  the  collections  indicate  that  fill  accounted  for 
68  percent  of  the  variation  in  germination 
(R  =  0.825,  fig.  5). 

Cutting  tests  are  recommended  on  samples  of 
seed  so  that  seeding  rates  can  be  adjusted  for  what 


100 


80 


liJ 

o 

tc     60 


!5 


a: 
iij 
o 


40 


20 


Y-II.I-.4X  +  .0IX 
R  •  .825 


_L 


I 


20  40  60 

FILLED    SEEDS    (PERCENT) 


80 


(^■Witd  Aeecfc   and  QeJvminoution  {^on.  52 


100 


very  likely  will  be  a  high  percentage  of  empty 
seeds.  Fill  percentages  of  less  than  40  should 
be  considered  substandard.  If  the  smaller  seeds 
have  appreciably  less  fill  than  the  larger  seeds, 
they  could  be  screened  out  and  discarded  to  im- 
prove the  efficiency  of  seeding  operations. 

Aithougti  percent  fill  probably  is  partly  genetic, 
information  obtained  indicates  environmental  fac- 
tors also  are  important.  Perhaps  seed  fill  could 
be  improved  through  cultural  practices  such  as  culti- 
vation, irrigation,  or  fertilization. 


Seed  Collection  and  Processing 

The  seeds  are  easily  collected  when  they  are 
fully  mature.  Maturity  or  ripeness  is  mainly  re- 
flected in  color  and  dryness.  Mature  seeds  usually 
are  a  yellow  or  yellowish  orange,  and  practically 
air  dry.  They  can  be  stripped  from  the  branches 
by  hand  with  little  difficulty,  and  collected  in  bags, 
baskets,  or  on  a  canvas  spread  out  around  the  bush. 
Seeds  are  sometimes  collected  with  a  vacuum-type 
seed  harvester  developed  by  the  U.S.  Forest  Service 
Equipment  Development  Center. 

To  reduce  bulk  and  facilitate  handling  and  seed- 
ing, the  winged  seeds  usually  are  hammermilled. 
The  seeds  may  be  further  cleaned  in  a  fanning  mill 
to     remove     chaff    and    other    debris.     Records    of 


Region  3,  U.S.  Forest  Service,  showed  that  6,181 
pounds  of  winged  seed  collected  in  five  areas 
yielded  2,588  pounds  of  clean,  de-winged  seed. 
Hammermilling  and  cleaning  thusreduced  the  weight 
by  more  than  50  percent. 


Time  of  Seed  Collection 

Time  of  seed  collection  could  be  an  important 
factor  affecting  germination.  An  error  in  judging 
maturity  might  result  in  the  collection  of  immature 
seeds.  Since  seeds  of  fourwing  saltbush  commonly 
remain  on  the  bushes  from  October  to  April  in  the 
Southwest,  they  can  be  collected  over  a  period  of 
several  months. 

Seeds  collected  from  a  plant  at  the  Silver  Hill 
site  in  November  1964  germinated  23  percent  in 
July  1965,  whereas  seeds  collected  from  the  same 
plant  in  March  1965  germinated  only  10  percent. 
Similar   studies  in  July    1966  gave  different  results: 


Si  1 ver  Hi  1 1 
Isleta 


Col  lection 
date 

November  17,    1965 
April    19,    1966 

December  30,   1965 
April    19,    1966 


Germination 
at  66° 

33 
59 

85 
84 
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The  Silver  Hill  seeds  were  collected  from  the  same 
plant  as  in  1964-65,  yet  germination  was  decidedly 
different;  seeds  collected  in  April  1966  germinated 
appreciably  better  than  those  collected  in  March 
1965.  The  Isleta  seeds  were  collected  from  the 
same  plant  on  both  dotes,  and  germination  of  the 
two  collections  was  nearly  identical.  Delaying  col- 
lection of  the  1965  crop  until  April  1966  certainly 
was  not  disadvantageous. 

Delay  in  collection  of  the  1966  seed  crop  from 
the  plant  at  Isleta,  however,  resulted  in  lower  germ- 
ination. October-collected  seeds  germinated  sig- 
nificantly better  than  March-collected  seeds: 


Date  seed 
collected 

April  : 

1967  Ju 
(percent 

ly  1967 
germina 

July  1968 
tionj 

1966: 
October  26 
December  30 

74 
35 

86 
70 

87 
81 

1967: 
January  27 
March  7 

24 
20 

48 
35 

82 
63 

Of  interest  is  the  improvement  in  germination  with 
time.  By  July  1968,  germination  was  about  the 
same  whether  seeds  were  collected  in  October, 
December,  or  January. 


Aft 


erripening 

Seeds  of  fourwing  saltbush  apparently  undergo 
afterripening.  This  process,  which  usually  involves 
chemical  changes  that  remove  germination  blocks, 
may  require  hours,  days,  weeks,  or  months  depend- 
ing on  the  seed  (Pollock  and  Toole  1961).  Seeds 
of  many  species  are  dormant  or  resting  at  the  time 
of  maturity.  They  will  not  germinate,  even  with 
favorable  moisture  and  temperature,  until  they  un- 
dergo afterripening.  Fourwing  saltbush  seeds  fre- 
quently have  germinated  better  the  second  or  third 
year    after    collection    than    during    the    first    year. 

The  afterripening  process,  for  fall-collected  four- 
wing saltbush  seeds,  appears  to  be  essentially  com- 
plete in  about  10  months.  Seeds  collected  October 
23,  1967  from  one  plant  at  Isleta  were  tested  at 
2-week  intervals  for  a  year.  Germination  patterns 
were  erratic.  Germination  on  the  !Oth  day— a 
good  measure  of  seed  vitality  — improved  gradually 
as  the  seeds  aged.  When  the  seeds  were  22  weeks 
old,    germination    reached   a   peak,    then   gradually 


declined.  This  peak  corresponds  to  the  time  of 
year  (late  March)  when  young  saltbush  seedlings 
have  been  observed  emerging  in  nature.  This  find- 
ing supports  the  idea  held  by  some  physiologists 
that  seeds  contain  built-in  "time  clocks."  Another 
peak  was  reached  by  seeds  38  weeks  old,  then 
germination  declined,  gradually  increased,  and  fin- 
ally leveled  off  for  seeds  46  to  52  weeks  old. 
Trends  in  30-day  germination,  the  moreconventional 
measure  of  seed  viability,  generally  parallel  those 
of  10-day  germination. 

Seeds  that  have  essentially  completed  the  after- 
ripening process  also  germinate  more  rapidly  than 
freshly  collected  seeds  (fig.  6).  When  tested  only  8 
weeks  after  collection,  seedsgerminated  very  slowly; 
germination  was  negligible  the  first  20  days.  By 
contrast,  seeds  tested  44  weeks  after  collection 
germinated  rapidly;  germination  waspractically  com- 
plete in  1  5  days. 


Germination 


Imbibition 


The  uptake  of  water  by  the  seed,  known  as 
imbibition,  is  the  first  process  that  occurs  during 
germination.  Composition  of  the  seed,  permea- 
bility of  the  seed  or  fruitcoat  to  water,  and  avail- 
ability  of   water  influence  the  extent  of  imbibition. 

Our  studies  show  winged  seeds  of  fourwing 
saltbush  are  fully  imbibed  in  about  24  hours  (fig.  7). 
Air-dry  seeds  with  wings  increased  92  percent  in 
weight  when  fully  imbibed. 

De-winged  seed  imbibed  water  more  rapidly 
than  winged  seed  and  were  practically  fully  im- 
bibed in  about  15  hours,  at  which  time  they  had 
increased  in  weight  59  percent. 

These  results  suggest  that,  when  the  soil  be- 
comes wet,  the  seeds  will  imbibe  and  the  germi- 
nation process  can  start  in  1  day,  contingent  of 
course  on  other  environmental  factors. 


Temperature  Effects 

Fourwing  saltbush  seed  usually  germinates  best 
at  relatively  low  temperatures.  The  Woody  Plant 
Seed  Manual  (U.S.  Forest  Service  1  948)  recommends 
testing  germination  at  77°  (day)  and  50°  (night)  for 
20  to  30  days.     Wilson  (1931)  reported  seedsgermi- 
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note  in  the  field  during  cool  or  cold  weather.  In 
Australia,  Knowles  and  Condon  (1951)  found  cool, 
wet  weather  was  conducive  to  germination  of 
Atriplex  vesicarium,  a  perennial  saltbush.  They 
reported  germination  seldom  is  good  after  summer 
rains  because  of  high  temperatures.  Beadle  (1952) 
found  the  optimum  temperatures  for  five  species  of 
Atriplex  in  Australia  fell  between  59°  and  77°.  In 
Colorado,  Hervey  (1955)  obtained  47  percent  germi- 
nation of  fourwing  saltbush  at  68°,  45  percent  at 
59°,  and  7  percent  at  39°.  Gerard  (1965)  reported 
55°  to  85°  as  the  optimum  temperature  range  for 
germination  of  fourwing  saltbush  seeds  collected 
in  southern  New  Mexico.  He  obtained  highest 
germination  at  constant  temperatures  of  55°,  65°, 
and  85°  and  alternating  temperatures  of  70°  (10 
hours)  and  60°  (14  hours). 

In  our  studies,  germination  of  eight  sources  of 
seed  from  Arizona  and  New  Mexico  was  higher  at 
constant  temperatures  of  42°  and  58°  than  at  77° 
(Springfield  1964).  Germination  of  all  eight  sources 
averaged  significantly  less  at  77°  (fig.  8).  Improve- 
ment in  percent  germination  at  58°  compared  with 
77°  was  especially  pronounced  for  theCorona,  Glen- 
wood,  Flagstaff,  and  Beaver  Creek  seed.  Though 
there  was  a  trend  toward  higher  germination  at  58° 
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than  at  42°,  the  difference  between  average  germi- 
nation at  these  two  temperatures  was  not  significant. 

Further  studies  with  15  sources  of  seed  showed 
significantly  higher  germination  at  a  constant  tem- 
perature of  55°  than  at  alternating  temperatures  of 
86°  (8  hours,  light)-68°  (1  6  hours,  dark).  All  sources 
germinated  better  at  the  lower  temperature. 

Intensive  investigations  with  seeds  collected  from 
a  single  plant  near  Isleta,  New  Mexico,  revealed 
optimum  temperatures  for  germination  were  from 
55°  to  75°  (fig.  9).  Germination  in  30  days  was 
appreciably  less  at  temperatures  from  39°  to  55° 
or  from  75°  to  100°.  For  the  comparisons,  alter- 
nating temperatures  are  expressed  as  weighted  mean 
temperature.  Germination  at  weighted  mean  tem- 
peratures generally  averaged  less  than  at  the  cor- 
responding constant  temperature.  The  higher  tem- 
perature in  thealternation,  particularly  temperatures 
exceeding  80°,  apparently  had  a  depressing  effect 
on  germination.  The  germination  behavior  at  alter- 
nating temperatures  seems  to  be  related  to  the 
separate  effects  of  the  two  component  temperatures 
and  the  time  of  exposure  to  each,  rather  than  to  be 
a  direct  response  to  hour-degrees  such  as  expressed 
by  weighted  mean  temperature. 

Seeds  from  the  Isleta  source  began  germinating 
within  2  days  at  a  temperature  of  81°  and  within 
3  days  at  temperatures  of  65°  and  73°  (fig.  10). 
Germination  was  nearly  complete  within  6  days 
at  65°,  73°,  and  81°.  At  lower  temperatures,  the 
start  of  germination  was  delayed  and  the  speed 
of  germination  was  slower. 


Moisture 

As  for  all  seeds,  adequate  moisture  is  essential 
for  the  germination  of  fourwing  saltbush  seeds. 
When  temperatures  are  near  optimum,  however, 
saltbush  seeds  apparently  will  germinate  under  rela- 
tively high  moisture  stress. 
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To  determine  the  effects  of  moisture  stress  on 
the  germination  of  six  sources  of  seed,  stresses 
were  induced  by  different  concentrations  of  man- 
nitol  (Springfield  1966). 

Total  germination  decreased  as  moisture  stress 
increased  (fig.  11).  Germination  at  0.3  and  3 
atmospheres  (atm.)  osmotic  stress  was  greater  than 
at  7,  11,  or  15  atm.  Isleta  and  Mountainair  seeds 
germinated  significantly  better  than  seeds  from 
the  four  other  sources  (table  6).  The  Mountainair 
source  germinated  better  than  the  other  sources 
at  stresses  of  11  and  15  atm.;  seeds  from  this 
source  may  have  characteristics  that  enable  them  to 
germinate  and  become  established  under  relatively 
dry  conditions. 

Germination  was  also  delayed  by  increasing 
moisture  stress  (fig.  12).  Temperature  strongly  in- 
fluenced these  delays.  Seeds  tended  to  germinate 
better  under  the  higher  stresses  at  63°  than  at 
49°    or    85°.      Seeds   germinated   v/ell    even   under 
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the  relatively  high  7-atm.  stress  at  63°,  which  sug- 
gests moisture  stress  may  be  less  important  in  the 
germination  of  saltbush  seeds  when  temperatures 
are  near  optimum. 
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Table  6. --Average  percentage  of  fourwing  saltbush  seeds   that  germinated 
at  63°  and  49°       at  five  levels  of  moisture  stress    (seed  collected 
from  six  sources) 


Seed 

Germinati 
of  mois 

on  by  levels 
ture  stress 

source 

0.3  atm. 

3  atm. 

7 

atm. 

11  atm. 

15  atm. 

Average^ 

-     - 

-     - 

-  Percent 

germination 

-     -     - 

-     - 

Isleta 

60 

48 

28 

12 

0 

29.6a 

Mountainair 

34 

32 

30 

20 

4 

24.0a 

Corona 

6 

12 

8 

0 

0 

5.2b 

Chevelon 

8 

24 

12 

0 

0 

8.8b 

Beaver  Creek 

16 

20 

4 

6 

0 

9.2b 

Glenwood 

8 

4 

4 

0 

0 

3.2b 

Average^ 

22.0a 

23. 

3a 

14.3b 

6.3c 

0.7d 

^Values   followed  by  the  same  letter  do  not  differ  significantly  at  the 
0.05  level    using  Duncan's  multiple   range  test. 


Table   /.--Average  percentage  of  fourwing  saltbush  seeds   that  germinated  in  30 
days   in  periods  of  continuous  darkness   and  various  photoperiods    (seeds 
collected  from  three  sources) 


Temperature 
(°F.) 


Daily 
light 


Germination  by  seed  source 
and  collection  date 


San  Juan 
1963 
seed 


Isleta 


1963 
seed 


1966 
seed 


Average 


Hours 


Percent  - 


Constant: 
63° 

73° 

81° 
86° 


24 

55 

93 

59 

69 

0 

63 

90 

49 

67 

24 

53 

93 

41 

62 

0 

52 

89 

29 

57 

24 

41 

54 

39 

45 

0 

37 

56 

15 

36 

24 

23 

34 

16 

24 

0 

7 

28 

3 

13 

Alternating: 

76°  for  12  hours  -  62°  for  12  hours 
(Average  69°) 

92°  for  10  hours  -  72°  for  14  hours 
(Average  80°) 


12 

61 

92 

75 

76 

0 

67 

89 

67 

74 

10 

18 

41 

15 

25 

0 

11 

16 

7 

11 
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Light 

Light  apparently  neither  inhibits,  nor  is  required 
for,  germination  of  fourwing  saltbush  seeds.  Seeds 
have  germinated  practically  the  same  in  continuous 
light  as  in  continuous  darkness.  A  source  from 
Continental,  Arizona,  for  example,  germinated  21 
percent  in  continuous  light  and  24  percent  in  con- 
tinuous darkness. 

Intensive  investigations,  however,  showed  some 
differences  in  the  germination  of  three  sources  of 
seed  under  various  light  and  dark  situations  (table 
7).  Three-year-old  seeds  held  in  continuous  dark- 
ness germinated  nearly  as  well  as  those  exposed 
to  continuous  light  at  constant  temperatures  of  63°, 
73°,  and  81°,  and  at  alternating  temperatures  of 
76°  (12  hours)-62°  (12  hours)  with  12  hours  of  light 
during  the  76°  temperature  period.  Seeds  less 
than  4  months  old  (collected  October  26,  1966, 
and  tested  in  February  1967),  however,  germinated 
less  when  held  in  continuous  darkness  under  all 
temperatures.  At  92°  (10  hours)-72°  (14  hours), 
all  three  sources  of  seed  germinated  less  when 
held  in  darkness  than  when  exposed  to  10  hours 
of  light  daily.  Source  of  light  was  cool  white 
fluorescent  bulbs  except  at  the  constant  81°,  when 
Gro-lux  bulbs  rich  in  red  and  blue  light  were  used. 

These  results  indicate  light  may  be  required  for 
the  germination  of  freshly  collected  seed  regardless 
of  temperature,  and  possibly  also  for  older  seed 
when  the  temperatures  are  relatively  high.  How 
old   seeds   must   be   before   they    no  longer  require 


light  for  germination  when  temperatures  are  near 
optimum  is  not  known  for  sure,  but  the  available 
evidence  indicates  seeds  collected  in  the  fall  germi- 
nate satisfactorily  in  total  darkness  the  next  summer. 


Aeration 


Fourwing  saltbush  seeds  apparently  are  sensi- 
tive to  deficient  aeration.  No  seeds  germinated  in 
saturated  sand,  compared  with  51  percent  germi- 
nation in  sand  three-fourths  saturated,  and  64  per- 
cent in  sand  half  saturated.  The  failure  of  seeds  to 
germinate  in  saturated  sand  is  attributed  todeficient 
aeration.  Minimal  or  optimal  levels  of  oxygen 
required  for  germination  have  not  been  determined. 
Germination  in  72  hours  was  significantly  reduced 
when  oxygen  was  held  at  slightly  less  than  5  per- 
cent (Lavin  et  al.  1968). 


Factors  Affecting  Viability  of  Seed 

Storage  of  Seed 

Little  information  is  available  concerning  proper 
storage  of  fourwing  saltbush  seed.  The  U.S.  Forest 
Service  (1948)  recommended  storing  the  seed  in  a 
dry  place,  and  reported  the  seeds  do  not  deteriorate 
appreciably,  at  least  not  unti'  the  6th  or  7th  year 
after  gathering;  one  lot  germinated  19  percent  after 
9  years   in   dry,    open   storage.      Hervey  (1955)  re- 


Table  8. --Average  percentage  of  fourwing  saltbush  seeds   ttiat  germinated 
in  33  days,  after  3-years'    storage,   refrigerated  seed  compared  with 
unrefrigerated  seed   (seed  collected  from  four  sources) 


Seed 
source 


Year 
collected 


Unrefrigerated 
55°  to  90° 


Germination  at-- 


Alternating 
86°.  68° 


Constant 
54° 


Refrigerated 
38°  to  42° 


Germination  at- 


Al ternating 
86°,  68° 


Constant 
54° 


-  -  - 

-  -  P 

ercent 

-  -  - 

- 

Isleta 

1961 

66 

76 

70 

76 

Mountainai  r 

1961 

46 

60 

40 

44 

Corona 

1961 

40 

66 

20 

34 

Bernal i 1 lo 

1962 

30 

24 

32 

30 

Average 

45.5 

56. 

5 

40.5 

46.0 
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ported  no  difference  in  germination  of  seeds  stored 
for  3  years  in  sealed  containers  at  37°  to  41°,  or 
stored  open  or  in  sealed  containers  at  room  tem- 
peratures. 

Storage  at  subfreezing  temperatures  (-5°  to -9°) 
for  2  years  at  Santa  Fe  did  not  affect  viability. 
Average  germination  of  six  collections  of  seed  was 
the  same  whether  they  were  stored  in  paper  bags 
at  55°  to  90°  or  in  cans  at  subfreezing  temperatures: 


(Percent 

germi 

nation) 

Seed  source: 

Safford 

17 

22 

Flagstaff 

4 

20 

Espanola 

5 

8 

Lamy 

24 

20 

Isleta 

64 

69 

Gran  Quivira 

44 

21 

Table   10. --Average  percentage  of  fcurwing  salt- 
bush  seeds   that  germinated  in   1968  at  56° 
from  four  sizes  of  seeds  collected  from  one 
Dlant  at   Isleta  in   1966  and  1967 


Size 

Treatment 

Germination  of  seed 
collected  in-- 

of  seed 

1966 

1967 

Average 

-  Percent  -     - 


Large 

Winged 
De-winged 

85.3 
85.3 

84.0 
85.3 

84.6 
85.3 

Medium 

Winged 
De-winged 

80.0 
84.0 

84.0 
81.3 

82.0 
82.6 

Small 

Winged 
De-winged 

81.3 
88.0 

89.3 
84.0 

85.3 
86.0 

Very  small 

Winged 
De-winged 

84.0 
80.0 

81.3 
77.3 

82.6 
78.6 

Average 


27 


27 


Refrigeration  of  seed  for  3  years  at  temperatures 
from  38°  to  42°  had  no  significant  effect  on  via- 
bility (table  8).  The  trend  was  toward  higher  germ- 
ination of  the  unrefrigerated  seeds. 

Viability  of  seed  has  been  maintained  for  6 
years  under  ordinary  storage  conditions.  Seeds 
collected  in  1961  and  stored  in  paper  bags  at  tem- 
peratures from  55°  to  90°  germinated  as  well  in 
1967  as  in  1963  (table  9). 


Table  9. --Average  percentage  of  fourwing  salt- 
bush  seeds   that  germinated   1963-67   (seed  col- 
lected in   1961  and  stored  in  paper  bags  at 
55°-90°   temperatures) 


Year 

germination 

tested 


Germination 
temperature 
(constant  or 
alternating) 


Average 
germination 


Isleta 


Corona 


Percent 


Age  and  Size  of  Seed 

Fourwing  saltbush  seeds  retain  their  viability 
for  many  years.  Some  lost  only  about  half  their 
germinative  energy  in  16  years.  These  seeds,  col- 
lected in  October  1951  near  Fort  Collins,  Colorado, 
germinated  20  percent  the  first  year  (Hervey  1955). 
Three  years  later,  the  seeds  germinated  24  percent; 
tests  indicated  a  potential  germination  of32percent. 
In  November  1968,  these  seeds— stored  at  room 
temperatures— germinated  10  percent.  Tetrazolium 
tests  indicated  a  potential  germination  of24percent. 
Thus,  the  potential  germination  declined  only  one- 
fifth  although  the  actual  germination  dropped  one- 
half  during  the  16  years. 

Size  of  seed  does  not  appear  to  be  an  important 
factor  provided  the  seeds  are  well  filled.  Four 
sizes  of  seeds  from  the  plant  at  Isleta  germinated 
about  the  same  (table  10). 


1963 

42 
58 
77 

56 
90 
55 

50 
40 
20 

1965 

50 
78,   58 
86,  68 

62 
67 
48 

46 
36 
36 

1966 

78,   58 
86,  68 

75 
75 

41 
34 

1967 

64 

79 

47 

Effect  of  Year  of  Collection 
on  Seed  Viability 

Seed  viability  varies  with  year  of  collection. 
Many  factors  undoubtedly  affect  the  viability  of 
each  year's  seed  crop:  age  of  the  plants,  proximity 
and  ratio  of  male  to  female  plants,  moisture  and 
temperature  conditions  during  flowering  and  seed 
formation,  wind  movement,  and  insects. 
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Collections  from  the  same  individual  plants  at 
two  sites  for  4  years  showed  seeds  from  the  plant 
near  Isleta  consistently  had  a  high  germination 
percentage  whereas  those  from  the  plant  near  Corona 
gave  erratic  results.  Average  germination  in  1966 
at  alternating  temperatures,  78°  (12  hours)  -  58°  (1  2 
hours),  was: 

Isleta         Corona 


(Percent 

ge 

rminatic 

d  collected: 

1961 

75.3 

41.3 

1963 

68.7 

8.0 

1964 

66.0 

3.3 

1965 

62.7 

6.7 

Average 


68.2 


14.8 


This  suggests  the  Isleta  plant  may  represent  a  geo- 
graphic or  ecotypic  strain  with  above-average  seed 
viability. 


Seed  Treatments 


De-winging  the  seed.— Removing  the  wings  from 
the  seed  is  an  accepted  practice.  Advantages  of 
de-winging  are  (1 )  ease  of  handling,  especially  when 
seeds     are    to    be    planted    with    a    drill    or    other 


mechanical  seeder,  (2)  reduction  in  bulk,  and  (3) 
easier  coverage  with  soil.  The  usual  procedure  is 
to    run    the   winged   seeds   through   a   hammermill. 

De-winging  the  seed  did  not  significantly  affect 
final  germination  percentages.  For  all  studies  con- 
ducted from  1963  to  1968,  winged  seedsgerminated 
54  percent  compared  with  58  percent  for  de-winged 
seeds.  In  a  study  of  eight  sources  of  seed  germi- 
nated at  three  temperatures,  no  significantdifference 
was  found  in  germination  between  winged  and  de- 
winged  seed  (table  II).  Of  the  eight  sources,  only 
the  de-winged  Monica  seed  showed  consistently 
higher  germination.  The  de-winged  seedgerminated 
more  quickly,  however  (fig.  13).  Undertemperatures 
of  77°  and  58°,  more  than  twice  as  many  de-winged 
as  winged  seed  had  germinated  by  the  6th  day. 
But  by  the  10th  day  at  77°  and  by  the  24th  day 
at  58°  germination  of  the  winged  seed  practically 
equaled  that  of  the  de-winged  seed.  This  faster 
germination  of  de-winged  seed  may  be  desirable 
because  favorable  combinations  of  temperature  and 
soil  moisture  are  usually  of  short  duration  on  south- 
western ranges. 

Additional  studies  showed  de-winging  the  seed 
by  hand  or  cleaner,  as  well  as  by  hammermill,  does 
not  affect  total  germination.  Seeds  from  Navajo 
Canyon,  in  northwestern  New  Mexico,  were  pro- 
cessed   several   ways;    results  of   germination   tests 


Table   11. --Average  percentage  of  winged  and  de-winged  fourwing  saltbush  seeds 
that  germinated  in  36  days  at  three  constant  temperatures    (seed  collected 
from  eight  sources) 


Germination  at  constant  temperature  of-- 

Seed 
source 

76.6° 

57.6° 

41.8° 

Winged 

De-winged 

Winged 

De-winged 

Winged 

De-winged 

Percent 


Isleta 

60 

Mountainair 

36 

Corona 

14 

Monica 

12 

Glenwood 

10 

Flagstaff 

26 

Beaver  Creek 

6 

Chevelon 

22 

50 
42 
26 
26 
2 
20 
12 
30 


92 
48 
40 
12 
40 
48 
48 
44 


88 
56 
40 
48 
44 
64 
40 
16 


76 
60 
44 
24 
32 
44 
28 
32 


80 
32 
56 
36 
36 
52 
24 
32 


Average 


23.3 


26.0 


46.5 


49.5 


42.0 


43.0 
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tido  tejnp^ficutuAQJi . 


under    alternating    temperatures    of    86°    (8    hours, 
light)-68°  ( 1  6  hours,  dark)  were  as  follows: 


Winged  seed 

De-winged  by: 
Handrubbing 
Hammermi lling 
Dybvig  cleaner 


Percent 


25.6 


26.0 
22.4 
27.6 


The  differences  in  germination  were  not  significant. 
These  findings  are  in  accord  with  Hervey  (1955), 
who  reported  17  percent  germination  for  hammer- 
milled  seed  compared  with  20  percent  for  winged 
seed. 


Scarification.  — Scarification  of  the  seedcoats  has 
not  consistently  improved  the  germination  of  four- 
wing  soltbush  in  our  studies,  which  does  not  agree 
with  results  reported  from  California  (Nord  and 
Whitacre  1957)  where  heavy  scarification  increased 
germination  substantially. 

Investigators  who  reported  improved  germina- 
tion   from    de-winging    or    scarification    have    used 


hand  treatments,  in  which  seeds  were  rubbed  be- 
tween layers  of  sandpaper  (Gerard  1965,  Nord 
and  Whitacre  1957). 

In  preliminary  studies,  we  compared  mechanical 
treatments  with  various  hand  treatments.  Seeds 
collected  in  1963  from  Isleta  and  Lamy  were  planted 
in  nursery  flats.  Percent  germination  from  various 
seed  treatments  was  as  follows: 


Isleta 


Lamy 


^Percent  germination] 


41 


48 


56 

46 

46 

37 

11 

52 

7 

2 

0 

0 

Seed  treatment: 

Not  treated   (winged) 
Hand  treated-- 

De-winged 

Rubbed 

Scarified 
Mechanically  treated-- 

De-winged 

Scari  fied 


Hand  de-winging  improved  germination  of  the  Isleta 
seeds,  which  agrees  with  Gerard's  (1965)  results, 
but  did  not  affect  germination  of  the  Lamy  seeds. 
Hand  scarification  was  detrimental  to  the  Isleta 
seeds;  seeds  of  this  source  have  relatively  thin- 
walled  seedcoats,  so  they  may  have  been  over- 
scarified.  Hand  rubbing  (between  gloves)  removed 
most  of  the  wings  but  did  not  scratch  the  seedcoat; 
yet  this  treatment  lowered  the  germination  of  Lamy 
seed,  perhaps  by  damaging  the  embryo.  Mechanical 
treatment  was  definitely  detrimental. 

Later,  more  intensive  studies  showed  that  effects 
of  scarification  vary  with  the  source  of  seed  and 
seedcoat  characteristics.  Seeds  with  moderately 
thin  seedcoats  were  damaged  by  mechanical  scari- 
fication with  abrasives  (table  12).  Even  light  scari- 
fication was  detrimental.  On  the  other  hand,  seeds 
with  thick  seedcoats  apparently  were  benefited  by 
very  light  scarification.  Our  scarification  treatments, 
performed  in  a  small  electric  scarifier  lined  with 
sandpaper,  may  have  been  too  severe  for  most 
seeds.  Microscopic  examination  revealed  many  of 
the  treated  seeds  had  relatively  large  holes  in  the 
seedcoat;  the  percentage  of  such  seeds  increased 
with  the  number  of  seconds  of  scarification  treat- 
ment. 

Germination  tests  were  made  on  seedsclassified 
according  to  degree  of  seedcoat  abrasion.  Germina- 
tion of  the  thinner  walled  seeds  from  Deming  and 
Isleta  was  reduced  significantly  whenever  scarifi- 
cation caused  a  break  or  hole  in  the  seedcoat. 
By  contrast,  germination  of  the  thicker  walled  seeds 
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Table   12. --Extent  of  scarification  damage'   to  fourwing  saltbush  seeds,   and  resultant  germination 


Rat 

ng 

No 
treatment 
(control ) 

Scarification  treatment 

Source 
of 

seedcoat^ 

Very   light 
(20) 

Light 
(40) 

Hedi  urn 
(60) 

Heavy 
(80 

Very  heavy 
(100) 

seed 

Thick- 
ness 

Hard- 
ness 

Winged       De-winged 

Seed- 
coat 
damage 

Germi- 
nation 

Seed- 
coat 
damage 

Germi  - 
nation 

iT.t'         Germi - 

rilr,         "ation 
damage 

^cfat-         'T- 
^,„,„„       nation 
damage 

Seed- 
coat 
damage 

Germi- 
nation 

Deming 

2 

3 

Isleta 

2 

2 

Madrid 

4 

3 

Percent  germination 

70.7                 61.0  18 

96.3                  88.7  28 

53.3                 65.0  2 


Percent 


32.3 
60.7 
83.7 


32 
36 
16 


23.0 
37.3 
34.7 


38 
48 
30 


7.7 

2.7 

32.7 


44 
60 
58 


9.3 

1.3 

23.0 


54  4.0 

74  0 

50  23.0 


'Percentage  of  seeds  with   large  holes   in  seedcoat  because  of  scarification  treatment;  numbers   in  parentheses   indicate  seconds   in 
electric  scarifier  lined  with  sandpaper. 


^Rating  scale:     Thickness--     1  =  thin,  4  =  very  thick       Hardness- 


hard,  4  =   very  hard. 


from  Madrid  was  not  affected  by  small  holes  or 
breaks  in  the  seedcoat.  Seeds  with  large  holes  in 
the  seedcoats  gave  negligiblegermination,  however, 
regardless  of  source  of  seed  and  thickness  of  the 
seedcont. 

These  results,  coupled  with  results  of  other  sup- 
plemental studies,  suggest  scarification  should  be 
used  with  caution.  The  proper  degree  of  scari- 
fication could  improve  the  germination  of  thick- 
walled  seeds.  Nevertheless,  care  should  be  taken 
to  prevent  overscarifying  the  seed  to  the  point 
where  large  holes  form  in  the  seedcoat. 


Chemical  Treatment  of  Seeds 


Various  chemical  treatments  have  been  tried 
in  an  attempt  to  increase  germination  of  fourwing 
saltbush  seeds.    None  proved  satisfactory. 


Soaking  only  3  to  6  minutes  proved  less  detrimen- 
tal, but  no  stimulatory  effect  was  found.  Average 
germination  of  seeds  from  Navajo  Canyon  and 
Bernalillo  planted  similarly  but  with  different  soak- 
ing treatments  was: 

Navajo 

Canyon     Bernali 11o     Average 
(Percent  germination) 

Seed  treatment: 


None 

30.0 

45.3 

37.6 

Water,   4  hours 

22.0 

32.0 

27.0 

Thiourea 

3  minutes 

16.0 

37.3 

26.6 

6  minutes 

16.7 

43.3 

30.0 

Water,   4  hours, 

plus   thiourea 

3  minutes         22. 7 
6  minutes  8.7 


26.0 
24.0 


24.4 
16.4 


Thiourea.  — Universally  used  to  stimulate  seed 
germination,  thiourea  did  not  improve  the  germina- 
tion of  fourwing  saltbush.  In  fact,  results  of  our 
investigations  indicate  thiourea  may  inhibit  germina- 
tion of  this  species.  Two  sources  of  seed  (San  Juan 
and  Deming)  soaked  10  to  30  minutes  in  3  percent 
thiourea  germinated  less  than  untreated  seeds.  Aver- 
age germination  of  fourwing  saltbush  seed  in  30 
days  at  86°  (8  hours)-68°  (16  hours)  was: 


Untreated 

Seeds   soaked  in 
3  percent  thiourea: 

10  minutes 

20  minutes 

30  minutes 


San  Juan 


Demin 


.Percent  germination 
43  21 


13 
12 

6 


Hydrogen  peroxide.— Although  it  has  been  shown 
to  hasten  and  increase  the  germination  of  certain 
tree  seeds,  hydrogen  peroxide  reduced  the  germina- 
tion of  fourwing  saltbush.  In  a  test  with  four 
sources  of  seed,  soaking  for  48  hours  in  6  percent 
peroxide  gave  these  results: 


Peroxide     No  peroxide 
(Percent  germination) 


Germination  temperature: 
49° 
55° 


16 
33 


In  another  test,  seeds  soaked  a  half-hour  in  30  per- 
cent peroxide  germinated  only  7  percent  compared 
with  54  percent  for  untreated  seeds  (Riffle  and 
Springfield  1968).     Further  studies  with  alow-germi- 
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noting  seed  source  showed  that  as  little  as  10  min- 
utes of  soaking  in  peroxide  (30  percent)  was  detri- 
mental. 

Citric  acid.— As  with  peroxide,  citric  acid  has 
been  reported  to  improve  the  germination  of  certain 
tree  seeds.  The  citric  acid  was  neither  helpful  nor 
harmful  in  concentrations  of  0.02,  0.05,  0.10,  0.5, 
1.0,  and  2.0  percent  tested  on  three  sources  of 
seed. 

Sulfuric  acid. —Although  other  investigators  have 
claimed  sulfuric  acid  improves  the  germination  of 
fourwing  saltbush,  our  results  with  this  chemical 
are  inconclusive.  Boyd  (1956)  reported  seedstreated 
in  concentrated  sulfuric  acid  for  60  minutes  germi- 
nated 15  percent  compared  with  10  percent  for 
untreated  seeds.  According  to  Gerard  (1965),  treat- 
ment in  sulfuric  acid  for  40  minutes  increased  germi- 
nation. 

In  our  studies,  two  sources  of  seed  treated  with 
concentrated  sulfuric  acid  germinated  no  better  than 
untreated  seeds.  Because  of  its  thick,  hard  seed- 
coat,  the  Madrid  source  in  particular  was  expected 
to  show  improved  germination  when  treated  with 
acid.  But,  as  the  results  below  indicate,  percentage 
germination  of  seeds  from  two  sources  was  about 
the  same  regardless  of  treatment: 


Deming  Madrid 


(Pe 

rcent 

germination 

Untreated 

61 

41 

Sulfuric  acid: 

20  minutes 

60 

45 

40  minutes 

57 

56 

60  minutes 

42 

38 

80  minutes 

63 

54 

The  lower  germination  for  seeds  treated  60  minutes 
is  puzzling.  None  of  the  differences  in  germination, 
however,  are  significant  statistically. 

Acid-treated  seeds  imbibed  water  more  rapidly 
than  untreated  seed.  After  5  hours  in  a  moist 
medium,  acid-treated  seeds  had  increased  in  weight 
79  percent  compared  with  59  percent  for  untreated 
seeds. 


Stratification 

Results  from  several  stratification  studies  were 
not  consistent.  We  stratified  seeds  by  putting  them 
in    moist    vermiculite    at    38°    to   42°   for   30  days. 

In  one  study  with  three  sources  of  seed,  strati- 
fication apparently  was  harmful: 


Seeds 
strati  fied 


Seeds  not 
stratified 


[Percent  g e rmi nation) 


Seed  source  and 
year  collected: 

Flagstaff  (196i; 

Datil    (1962) 

San  Juan   (1963) 


14 

4 

17 


18 
23 
27 


In  another  study,  however,  stratification  ap- 
peared to  improve  the  germination  of  two  of  four 
sources  of  seed  (table  1  3). 


Soaking  Seeds  to  Remove  Inhibitors 

Inhibitors  in  the  seedcoat  and  bracts  have  been 
suspected  of  being  responsible  for  the  generally 
low  germination  of  fourwing  saltbush.  Germination 
of  other  species  of  Atriplex  in  Australia  was  found 
to  be  inhibited  by  substances  diffusing  from  the 
fruit  bracts,  and  the  inhibitor  was  classed  as  a 
chloride   (Beadle    1952).       Studies   with   an   annual 


Table    13. --Effects   of  different  periods  of 
stratification  on  the  percent  germination  of 
four  sources   of  fourwing  saltbush  seeds 


Seed 
source 


Germination  in  30  days  at 
5°  (8  hours);  68°  (16  hours' 


Not 
strat- 
ified 


Strat- 
ified 
10  davs 


Strat- 
ified 
20  davs 


Strat- 
ified 
30  days 


Percent 


San  Juan 

53 

47 

60 

55 

Isleta 

40 

32 

43 

46 

Continental 

8 

10 

27 

30 

Deming 

37 

37 

47 

51 

Average 

34.5 

31.5 

44.2 

45.5 
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Atriplex  in  Israel  (Koller  1957)  indicated  the  pres- 
ence of  a  water-soluble  inhibitor  that  in  pjture  is 
leached  from  the  fruit  bracts  by  rain  water.  Other 
studies  in  California  showed  enough  saponin  in 
the  bracts  of  fourwing  saltbush  to  reduce  germi- 
nation (Nord  and  Van  Atta  1960).  Twitchell  (1955) 
found  that  soaking  saltbush  seed  in  water  for  sev- 
eral hours  removed  more  that  90  percent  of  the 
chloride  present  and  increased  germination.  Dry- 
ing the  seed  for  7  days  before  planting  gave  higher 
germination  than  planting  the  wet  seed.  Similar 
studies  by  Nord  and  Whitacre  (1957)  showed  that 
4  hours  of  soaking  followed  by  8  days  of  drying 
did  not  affect  germination  in  the  laboratory. 

In  our  studies  we  seldom  have  found  any  ad- 
vantage to  soaking  the  seeds  in  water.  For  exam- 
ple, two  sources  of  seed  were  soaked  8  hours, 
then  dried  for  52  days.  Germination  of  these  seeds 
at  two  temperatures  was  as  follows: 


San  Juan       Isleta 


^Percent  germination' 


Isleta 


Mountainai  r 


[Percent  germination) 


Germination  temperature 
and  seed  treatment: 

73.3° 
Soaked 
Not  soaked 

54.5° 
Soaked 
Not  soaked 


24 

52 

66 
70 


43 
38 

58 
60 


The  Isleta  seed  tended  to  germinate  better  when 
not  soaked,  and  the  Mountainair  seed  germinated 
about  the  same  regardless  of  treatment.  Another 
study  with  2-year-old  seed  from  Rowe,  New  Mexico, 
gave  similar  results. 

Continuous  washing  in  water  for  2  or  4  hours 
did  not  improve  germination.  Two-year-old  seeds 
from  Deming,  New  Mexico,  germinated  essentially 
the  same  whether  they  were  soaked  or  washed 
table  14).  Germination  was  not  improved  by  dry- 
ing seeds  7  days  after  soaking  or  washing.  Winged 
and  de-winged  seed  responded  similarly  to  the  dif- 
ferent treatments,  except  that  de-winged  seeds 
soaked  4  hours,  then  dried  7  days,  germinated  less 
than  seeds  treated  other  ways,  for  some  unexplained 
reason. 

Results  of  one  study  indicated  soaking  in  water 
for  12  hours  was  detrimental.  Percent  germination 
in  30  days  at  78°  was  as  follows: 


Seed  treatment: 


Not  soaked 

52 

62 

Dry  chill 
(12  tiours,  41°  ) 

56 

66 

Warm  soak 
(12  hours,  69°  ) 

6 

0 

Cold  soak 
(12  hours,  41°  ) 

10 

0 

Soaking  seeds  in  hot  water  definitely  was  harmful. 
Seeds  were  placed  !;■.  boiling  water  and  allowed 
to  cool  to  room  temperature— total  soaking  time 
9  hours.  Eight  sourcas  of  seed  treated  in  this  man- 
ner germinated  significantly  less  than  unsoaked 
seeds. 


Determining  Seed  Viability  with  Tetrazolium 

A  rapid  test,  with  tetrazolium  chloride  (TZ)  has 
been  found  useful  for  estimating  seed  viability  of 
several  species  (Colbry  et  al.,  1961).  In  the  pres- 
ence of  TZ,  living  tissues  stain  red  whereas  non- 
living or  weak  tissues  do  not.  The  principal  advan- 
tage of  the  test  is  that  results  are  available  in  hours 
rather  than  in  weeks.  Another  advantage  is  that 
dormant  seeds  will  stain  red  if  they  are  viable. 
Thus  the  test  gives  an  estimate  of  potential  germi- 
nation, which  is  especially  valuable  when  seeds 
exhibit  varying  degrees  of  dormancy.     Boyd  (1956) 


Table    14. --Effect  on  percent  germination  of 
seeds   soaked  or  washed  in  water 


•termination   in   30 

Seed  treat- 

davs at  57° 

ment  and 

Winged 

De-winned 

length  of 

seeds 

seeds 

time  treated 

D 

ried 

Mot 

Dried 

Not 

7 

davs 

dried 

7  davs 

dried 

-     - 

-   Percent  -     - 

■     - 

Soaked  in  water: 

2  hours 

43 

47           44 

23 

4  hours 

36 

29           15 

39 

Washed  in  water: 

2  hours 

27 

43          44 

43 

4  hours 

39 

35           33 

35 

Not  treated 

45 

45 

— 
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reported  the  embryos  of  fourwingsaltbush  can  be 
stained  with  TZ. 

Several  concentrations  of  TZ  were  tried  on  eight 
sources  of  seed  at  different  temperatures.  The  most 
satisfactory  concentration  was  0.2  percent.  Degree 
of  staining  was  scored  from  0  to  4.  Color  intensity 
OS  well  as  pattern  of  staining  were  considered  in 
assigning  the  ratings  (fig.  14). 

Staining  of  the  embryos  varied  with  source  of 
seed.  Of  the  eight  sources  tested,  only  seeds  from 
Isleta  consistently  exceeded  50  percent  well-stained 
embryos  (ratings  3  and  4).  Seeds  from  Monica  had 
fewer  than  20  percent  well  stained.  A  moderately 
high  percentage  of  the  seeds  from  all  sources  con- 
tained embryos  with  stain  ratings  of  2.  This  rating 
was  assigned    to  embryos  with  incomplete  staining 


of  the  cotyledons  or  other  irregularities  in  stain 
patterns.  All  embryos  rated  2  showed  brightly 
stained  radicles. 

We  attempted  to  correlate  TZ  stain  ratings  with 
germination  results.  The  highest  correlation 
(r  =  0.913)  was  between  germination  percentages 
and  the  sum  of  ratings  2,  3,  and  4  (fig.  15).  Appar- 
ently, the  embryo  must  be  rather  completely  stained 
to  be  classed  as  viable,  but  minor  irregularities  in 
stain  patterns  such  as  included  in  rating  2  probably 
do  not  indicate  a  nonviable  embryo.  Instead,  such 
embryos  may  be  somewhat  less  vigorous  or  slightly 
deformed,  but  probably  produce  seedlings  with  a 
reasonable  chance  for  survival.  Embryos  with  0 
or  1  stain  ratings,  however,  would  not  be  expected 
to  develop  into  normal  seedlings. 


BISECTED  FRUIT 


0  I    2 

1  I     I 


wall  of  fruit 
locule 
seed  coat 
endosperm 
embryo 
wing  or  bract 


STAIN  RATING 
0 


cotyledon 
hypocotyl 
radicle 


lOmm 


I-  0 


F-cguAe   14.-- 
JoXxcizotium 
it%ain  paJXeJtyvi) 
and  tattngi. 


3nnm 


medium  red 

ed,  pink, 
ge.or  yellow 
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The  comparison  between  seed  viability  as  deter- 
mined by  TZ  stain,  and  actual  germination  was 
closer  for  some  sources  of  seed  than  others  (fig.  16). 
Closest  in  agreement  were  the  Isleta,  Mountainair, 
and  Flagstaff  seed;  the  two  methods  agreed  within 
5  percent  or  less.  Three  of  the  remaining  five 
sources  agreed  within  8  to  1 5  percent.  Poorest 
agreement  was  for  the  Beaver  Creek  and  Chevelon 
sources.  Seed  dormancy  is  suspected  where  germi- 
nation was  substantially  less  than  the  viability  indi- 
cated by  TZ  staining. 


Seedling  Characteristics 

A  variety  of  studies  were  conducted  to  deter- 
mine seedling  emergence,  mortality,  and  growth 
in  different  soils.  These  studies  were  made  out- 
doors with  no  control  over  temperature.  Moisture 
was  held  near  field  capacity  for  most  studies. 


Emergence  and  Mortality 

Seedlings  begin  emerging  within  6  to  10  days, 
provided  moisture  is  adequate  and  temperatures 
are  not  extreme.  Germination  is  epigeous.  Usually 
the  first  visible  sign  of  emergence  is  an  arched 
hypocotyl  (fig.  17).  The  seed  ordinarily  remains 
in    the    soil,    but   sometimes   it   is   lifted   above  the 


FiguAZ   15.--Riil(ttion6kip  be.tw^tn  TZ  n.aXing6 
[pzActntoQe.  o{,  6ttdi,  Mltli  zmbfujoi,  6talne.d 
2,    5,   and  4  by  tdt/iazotium]   and  aveAo^e. 
gzAmlnation  in  56  day-d  at  te.mpeA.aXuAe,i,   of. 
77°,    58°,   and  42°.        (/i  =  0.913] 


surface  and  remains  attached  to  the  cotyledons 
several  days;  this  happens  more  often  with  de- 
winged  seed  and  in  shallow  seedings.  Emergence 
usually  is  complete  within  1  2  to  20  days. 

Seedling  emergence  and  growth  are  largely 
dependent  on  temperature  and  moisture.  In  studies 
with  1-year-old  seeds  from  Delta,  Colorado,  planted 
in  a  sandy  loam  soil  March  18,  most  of  the  seed- 
lings emerged  during  a  period  when  air  tempera- 
tures ranged  from  68°  -  75°  during  the  day  and 
37°  -  42°  at  night  (table  15).  Height  growth  was 
greatest  when  day  temperatures  were  about  80° 
and  night  temperatures  about  46°. 

Seedling  emergence  varies  widely  with  source 
of  seed.  This  undoubtedly  reflects  differences  in 
seed  fill,  and  possibly  physiological  makeup  among 
seed  sources.  In  one  study,  eight  sources  of  seed 
were  germinated  in  soil  obtained  from  beneath  a 
mature  saltbush.  Seeds  were  planted  in  flats  August 
26;  final  seedling  counts  were  taken  October  7. 
Soil  was  kept  moist  by  daily  sprinkling  in  August 
and  at  2-  to  5-day  intervals  thereafter.  Daytime 
temperatures  during  the  first  2  weeks  ranged  from 
78°  to  92°;  night  temperatures  from  54°  to  70°. 
Emergence  and  mortality  of  seedlings  varied  widely: 


Seed  source 

Emergence 

Mortal 

Hz 

(Pet 

-cent) 

Arizona: 

Flagstaff 

24 

12 

Tuba  City 

27 

0 

New  Mexico: 

Corona 

27 

12 

Glenwood 

57 

0 

Hatch 

12 

0 

Lovington 

45 

33 

Magdalena 

21 

29 

Monica 

30 

20 
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SOURCE  OF  SEED 


NEW  MEXICO 

1        1        1        1        1        1        I        r       1'       ' 

ISLETA 

,  \'y//////////.r''/ 

Z3 

1 
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///////////A 

CORONA 

w'/////.  ,.  ///\ 

t                   1 

MONICA 

/  V/////I 

GLENWOOD 

■,  //////A 

1 

ARIZONA 

FLAGSTAFF 

^W /////// A   rcT.M.TPn 

f                                                    1     Ar.TIIAI 

BEAVER  CREEK 

',  ■  .  ■  /////\ 

r 

CHEVELON 

,///////// A 

L,                      1 

1        1        1        1        1        1 

1        1        1 

10      20      30      40      50      60      70      80      90 
GERMINATION  (PERCENT) 

F^guAe   16.-'CompcuuAon  butwezn  Qjitimatzd  potzntiaZ  gdnml- 
naXA^on  p^fictntagu,    [Tl-istaintd  umbfujoi ,   ficUzd  1,    3  and 
4]   and  avejiag^  actual  QtnmlncLtion  ptxctntageA    (at  77°, 
5S° ,   and  42°]      (^on.    tight  iouAciZJ>  0|)   douMolng  ^attbuuik 


Table   15. --Seedling  emergence  and  height  growth   from  1-year-old  seeds   planted  in  sandy 
loam  soil,   March    18     (Seed  source:    Delta,   Colorado) 


Date 

Seedling 
development 

Weather  conditions  between  dates 

measured 

Emergence 

Height 
growth 

Precipi  tation 

Maximum 
temperature 

Minimum 
temperature 

Percent 


Inches 


Inches 


April     7 

24 

0.5 

0.58 

14 

36 

.8 

.24 

21 

40 

1.1 

.45 

29 

40 

1.4 

.38 

May       12 

40 

■     4.0 

.82 

30 

45 

6.1 

1.33 

-  °f. 


68 
75 
82 
72 
80 
81 


37 
42 
48 
42 
46 
47 
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Studies  conducted  in  a  representative  pinyon- 
juniper  soil  obtained  near  Santa  Fe  produced  similar 
results.  Seeds  were  planted  September  12,  seed- 
lings began  emerging  September  20,  and  final  counts 
October  14  showed  the  following: 


Seed  source 


Arizona: 
Benson 
Will  cox 

New  Mexi  co: 
Corona 
Glenwood 
Hatch 
San  Felipe 

Utah: 

Ephraim 


Emerge 

nee 

Mortal 

ity 

(Pey 

-cent) 

27 

0 

15 

26 

69 

0 

62 

0 

48 

8 

7 

0 

33 


19 


Seedling  mortality  was  less  in  sandy  loam  soil 
than  in  other  substrata  in  another  nursery  study. 
Two-year-old  seed  from  Chevelon,  Arizona,  were 
planted  in  nursery  trays  filled  with  different  sub- 
strata. Day  temperatures  ranged  from  75°  to  88° 
and  night  temperatures  from  43°  to  62°.  Results 
were  as  follows: 


Substrate 

Emergence 
(Pet 

Mortality 
xent) 

Sandy  loam 

28 

0 

Perl  i  te 

40 

20 

Vermicul i te 

24 

33 

Since  the  perlite  and  vermiculite  are  relatively 
inert  and  not  apt  to  contain  disease  organisms, 
mortality  presumably  was  caused  by  seedborne 
organisms.  Poorer  aeration  in  the  perlite  and 
vermiculite  than  in  the  sandy  loam  soil  could  have 
been  a  contributing  factor. 


Treatments  to  Control  Disease  Organisms 

Mortality  of  fourwing  saltbush  seedlings  some- 
times is  extremely  high.  Examination  of  seeds 
and  seedlings  has  revealed  contamination  by  Alter- 
narig  and  Fusarium  (Riffle  and  Springfield  1968). 
In  one  nursery  study  with  2-year-old  seed  from 
Mountainair,  conducted  under  low  light  intensity 
when  daytime  temperatures  ranged  from  78°  to  94°, 
mortality  varied  from  88  to  100  percent.  In  a 
hand-seeding  trial  at  the  Corona  site,  seedling  estab- 


lishment was  higher  from  fungicide-treated  seeds 
than  from  untreated  seeds.  The  number  of  seed- 
lings per  foot  of  row  with  seeds  from  Isleta  and 
Corona  was: 


Isleta       Corona 


Dusted  wi  th  Arasan 
Not  treated 


Fungicidal  treatment  of  seeds  has  not  always 
reduced  seedling  mortality.  In  a  nursery  study 
with  1-year-old  Lordsburg  seed,  when  daytime  tem- 
peratures were  48°  to  62°  and  night  temperatures 
25°  to  36°,  results  were  as  follows: 


Seed  treatment 


Emergence     Mortal i  ty 


(Percent) 

None 

16.3                 0 

Soaked  8  hours 

20.7               19 

Not  soaked  -   fungicide 

45.7                 0 

Soaked  8  hours   -   fungicide 

37.3               23 

Although  mortality  was  not  affected,  fungicidal  treat- 
ment (Captan)  significantly  increased  emergence. 
Perhaps  the  fungicide  was  effective  in  controlling 
seedborne  organisms  that  were  detrimental  to  seed- 
ling emergence.  These  results  are  in  disagreement 
with  those  reported  by  Hervey  (1955),  who  found 
fungicidal  treatment  of  seeds  did  not  affect  germi- 
nation. 

Control  of  soil  pathogens  through  fumigation 
improved  seedling  establishment  in  two  of  three 
soils  studied.  hHighest  seedling  establishment  resulted 
from  fumigation  of  Wingate  soil.  The  number  of 
established  seedlings  per  100  seeds  planted  in 
three  soil  types  was: 

Soil   type 
Wingate     Silver  Hill     QRA 


Soil   and  seed 
treatments : 

Soil   fumigated 

Fungicide  37 

No  fungicide  20 

Soil    not  fumigated 
Fungicide  13 

No  fungicide  10 


(Number) 


10 
23 

3 
0 
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Seeds  were  planted  0.5  inch  deep.  Soil  moisture 
was  kept  near  field  capacity  for  2  months.  Seed- 
lings emerged  and  became  established  more  readily 
in  the  Wingate  clay  soil  than  in  the  Silver  Hill 
loamy  sand  or  QRA  heavy  sandy  loam.  These 
figures  suggest  harmful  micro-organisms  could  be 
present  in  the  Wingate  and  QRA  soils.  Dusting 
seeds  with  fungicide  (Arasan  75)  was  beneficial 
only  for  seedlings  in  the  Wingate  soil. 


Growth  in  Different  Soils 

Fourwing  saltbush  seedlings  generally  grow  bet- 
ter in  soils  from  representative  sites  than  in  horti- 
cultural mixes.  For  these  growth  studies,  2-  to 
4-week-old  seedlings  were  transplanted  to  gallon 
containers  filled  with  different  soils  or  mixes. 
Heights  of  10-month-old  seedlings  grown  from  the 
Isleta   seed   source,   for   example,   were   as  follows; 


Average 

height 

(Inches) 

Soil   collected  from 

under: 

Mature  saltbush 

12.8 

Pinyon 

11.8 

Cercocarpus 

10.2 

Blue  grama 

8.2 

Winterfat 

8.0 

Horticultural   mix 

(2  parts  sand,   1   part 
peat,   1   part  loam) 


3.9 


Studies  with  fiveother  sourcesof  saltbush  showed 
1-year-old  plants  generally  grew  taller  in  soil  from 
the  Santa  Fe  area  (table  16).  Four  of  the  sources 
grew  best  in  a  soil  taken  from  beneath  shrubs 
(cercocarpus)  near  Santa  Fe  (fig.  18).  Poorest  growth 
was  in  a  grassland  soil  from  the  Rio  Puerco.  Height 
growth  also  was  relatively  poor  in  Corona  soils, 
both  those  from  beneath  grass  and  juniper  trees. 
Growth  was  poorer  than  expected  in  soil  collected 
near   Magdalena   beneath   mature   saltbush   plants. 


Methods  of  Establishment 

Methods  of  establishment  have  been  studied 
at  several  sites  representative  of  the  pinyon-juniper 
type  (see  table  1).  These  sites  range  in  elevation 
from  6,300  to  7,500  feet.  Soils  vary  from  loamy 
sand  to  clay.  Though  most  were  hand  trials,  some 
of    the    methods   involved   mechanized    equipment. 


The  most  comprehensive  tests  were  conducted  at 
the  Monica  site,  where  different  kinds  of  tractor- 
drawn  equipment  werecompared  for  site  preparation 
and  seeding. 


Direct  Seeding 
Smoll-Scoie  Field  Trials 

Investigations  included  comparisons  among  vari- 
ous depths  of  furrows,  mulching,  and  soil-firming 
treatments. 

Seedling  establishment  was  about  the  same  in 
shallow  furrows  (1  to  2  inches  deep)  as  in  deep 
furrows  (3  to  4  inches  deep)  at  the  Silver  Hill  site. 
The  number  of  seedlings  per  foot  of  row  (10  seeds) 
that   became   established  from  a  July  seeding  was: 


Shallow       Deep 
(Number) 

Seed  source: 

Corona 

0.5           0.6 

Deming 

.1             .2 

Isleta 

.1             .0 

Gran  Quivira 

.4              .2 

Some  sloughing  of  the  sandy  soil  from  the  sides 
of  the  furrows  may  have  covered  seeds  too  deeply, 
especially  in  the  deep  furrows.  Natural  sloughing 
of  the  soil  resulted  in  complete  failure  from  a  June 
seeding  in  deep  furrows  at  the  Monica  site. 

Removal  of  competing  vegetation  would  seem  to 
be  necessary  for  satisfactory  seedling  establishment. 
Three-  methods  of  seedbed  preparation  were  com- 
pared at  the  Monica  site:  (1)  all  competing  vege- 
tation removed  by  rototilling,  (2)  grasses  killed  by 
spraying  with  dalapon  1  month  before  seeding, 
and  (3)  untreated  blue  grama  sod.  Furrows  1  to 
2  inches  deep  were  made  by  hand  in  each  seed- 
bed. Ten  seeds  per  foot  of  row  were  distributed, 
and  covered  with  about  0.5  inch  of  soil.  The  num- 
ber of  seedlings  per  foot  of  row  from  seedings 
made  July  1965  with  2-year-old  seeds  from  Lamy, 
New  Mexico,  by  seedbed  preparation,  was: 


1965 


1966 


1967 


Seedbed  August     November     October     October 


Rototilled 

2.1 

1.2 

0.9 

0.9 

Sprayed 

1.8 

1.3 

.9 

.8 

Unprepared 

1.4 

.2 

.1 

.1 
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Table   16. --Average  heights  of  1-year-old  fourwing  saltbush  plants  grown  in  soils   taken 
from  beneath  grass,   shrubs,   or  juniper  trees  at  four  sites   in  New  Mexico 


Plant  height 

Soil   site  and 
location  sampled 

Source  of  seed 

Average 

Canjilon, 

Lamy, 

Rowe, 

Keams, 

Delta, 

New  Mexico 

New  Mexico 

New  Mexico 

Arizona 

Colorado 

-     -   Inches 

Santa  Fe: 

Beneath  grass 

17.1 

15.3 

14.4 

10.0 

14.3 

14.2 

Beneath  shrubs 

16.5 

17.3 

16.4 

14.2 

15.9 

16.1 

Corona: 

Beneath  grass 

6.4 

9.9 

15.0 

7.7 

7.0 

9.2 

Beneath  junipers 

8.9 

8.1 

10.3 

13.1 

7.9 

9.7 

Rio  Puerco: 

Beneath  grass 

5.8 

8.2 

7.1 

5.6 

(M 

6.7 

Magdalena: 

Beneath  shrubs 

10.2 

12.7 

14.1 

9.0 

8.8 

11.0 

^Plants  died. 
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Initial  seedling  establishment  was  high  for  all  three 
kinds  of  seedbeds,  but  most  seedlings  died  on  the 
unprepared  seedbed,  apparently  as  a  result  of  com- 
petition for  moisture  from  blue  grama  roots.  By 
contrast,  seedling  survival  was  good  where  blue 
grama  competition  was  removed  either  chemically 
or  mechanically.  Survival  in  these  shallow  furrows 
was  nearly  as  high  as  in  pits  and  basins  (number 
of  seedlings  per  foot  of  row): 


1965 


1967        1967 


1965 


1966 


1967 


Handmade  pits 
(4  inches  deep) 

Handmade  basins 
(6  inches   deep) 


August     October     October 
2.6  1.2  1.0 


3.4 


1.0 


The  pits  and  basins  of  Monica  were  made  and 
seeded  at  the  same  time  as  the  furrows.  More- 
over, the  same  seed  source  and  seeding  rates  were 
used,  so  the  results  are  comparable.  Although 
seedling  establishment  was  appreciably  higher  in 
pits  and  basins  1  month  after  seeding,  survival 
2  years  later  was  only  slightly  greater  than  in 
shallow  furrows. 

Similar  results  were  obtained  at  the  QRA  site. 
Seedings  were  made  in  July  1966  in  furrows  1  to 
2  inches  deep  on  sites  prepared  three  ways.  Counts 
(number  of  seedlings  per  foot  of  row)  in  1966  and 
1967  showed  the  following: 


October  March  August 


Vegetation  scalped 

U-shaped  basin 
(5   inches  deep) 

Enclosed  basin 
(5  inches   deep) 


0.42 
1.58 

.94 


0.19 


.75 


0.08 
.47 

.42 


Runoff  water  flowed  into  the  U-shaped  basin,  whereas 
only  rain  water  accumulated  in  the  enclosed  basin, 
hiigher  establishment  in  the  basins  is  attributed  to 
extra  moisture  collected  and  held. 

Depth  to  Seed 

Experience  indicates  that  planting  the  seeds  too 
deeply  could  be  responsible  for  a  number  of  seeding 
failures.  Seedings  failed  in  2  consecutive  years 
at  a  site  with  coarse-textured  soil  in  central  New 
Mexico.  Few  seedlings  emerged  despite  favorable 
precipitation.  In  both  years,  de-winged  seeds  were 
sown  in  furrows  3  to  5  inches  deep.  Seeds  were 
covered  with  only  I  inch  of  soil  in  the  seeding 
operation,  but  the  seeds  became  covered  with  2 
to  3  inches  of  soil  that  sloughed  off  the  sides  of 
the  furrows. 

In  depth-of-seeding  studies,  seeds  were  planted 
at  depths  of  0.5,  1 ,  1 .5,  and  2  inches  in  sandy  loam 
and  clay    loam    soils   (fig.    19).      Moisture   was  held 


F ig a-ic   19.-- De.p.tli - o  j^ -  i  eeciuig   tc6 1 . 


Rom   o(j  (itj)(5eAcn,t  d^pt!ii>  ioeJin  planted 
w-Uii   TOO  icadt,. 


SzddtLnQ  etneigence  In  ^andy  locw)  -ioit 
at  tiiz  and  o{^  30  datp. 


y, 


.  s  m 


-^ 


fe;^" 


7^- 

» 

V 

■  '^'^ 

-'^ 

fa^      . 

r 

■  ,*i- 

.'*' 

r*  .  ■".* 

*-'    I' 

'^ 

-i> 

r«- 

"  rf 

', 

^ 

■-«*» 

*.. 

yrf-  . 

^ 

\'-^ 

1 

r* 

y 

■'-0:. 

.-^-firiLr' 

••sips 


'-A 


!«-i^  •'■■'■'->* 


■<■% 


■IMj 


near  field  capacity  throughout  the  study.  Seedling 
emergence  was  significantly  greater  from  0.5  inch 
than  from  1.5  Or  2  inches  (table  17).  Seedlings 
also  emerged  more  rapidly  from  the  shallowseeding 
(fig.  20).  Essentially  the  same  number  of  seedlings 
emerged  from  the  sandy  loam  and  clay  loam  soils, 
though  the  trend  was  toward  more  seedlings  from 
the  greater  depths  in  the  clay  loam  soil. 

The  results  indicate  de-winged  seeds  should  not 
be  planted  more  than  1  inch  deep.  Regardless 
of  method  of  seeding,  precautions  should  be  taken 
where  there  is  danger  of  soil  sloughing  from  the 
sides  of  furrows,  or  of  additional  soil  being  washed 
or  blown  in  over  the  seeds. 

Although  seedling  emergence  was  practically 
the  same  in  the  sandy  loam  as  in  the  clay  loam 
soil,  soil  texture  could  be  a  consideration  in  depth 
of  seeding.  Optimum  depth  probably  would  be 
greater  in  a  sandy  soil  than  in  a  clay  soil  under 
range  conditions,  where  available  moisture  fluctu- 
ates from  day  to  day. 

Seeding  depths  of  0.5  to  1  inch  are  suggested 
for  de-winged  seeds.  Cassady  (1937a)  reported 
greatest  seedling  emergence  from  seeding  depths 
of  0  and  0.5  inch  for  winged  seeds.  Wilson  (1928) 
recommended  0.25-  to  1.5-inch  seeding  depths  for 
winged  seeds. 
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Table  17. --Average  percent  emergence  of  four- 
wing  saltbush  seedlings  from  four  depths  of 
seeding 


Soi 1   type 

and 
treatment 


0.5 
inch 


Seedling  emergence  by 
planting  depth 


1 
inch 


1.5 
inches 


2 
inches 


-  -  -  Percent  -  -  - 

Sandy  loam 

Packed  34.7  27.5  10.0  4.0 

Not  packed  38.3  29.7  16.7  16.7 

Clay  loam 

Packed  25.7  31.3  25.7  13.7 

Not  packed  36.0  26.7  19.0  9.3 


Average^       33.7a     28.4ab     17.8bc       10.9c 

^Values   follovyed  by  the  same  letter  do  not 
differ  significantly  at  the  0.05  level. 


Mulches 

Mulching  usually  has  improved  seedling  estab- 
lishment. At  the  Corona  site,  for  example,  seed- 
ling establishment  3  months  after  seeding  averaged 
higher  where  a  light  layer  of  grass  mulch  was 
placed  over  the  seeded  rows  (table  18).  Survival 
2  and  4  years  later  also  was  higher  in  the  mulched 
rows.  Results  of  the  various  packing  treatments 
compared  in  this  study,  however,  were  inconclusive. 
In  a  similar  study,  also  made  at  the  Corona  site 
in  August  1965,  when  the  soil  was  moist,  mulching 
appeared    particularly    beneficial    where    soil    was 
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packed  over   the   seeds.      The  number  of  seedlings 
per  foot  of  row  was: 

November 


1965       1966       1967 

-     - (Number)  -     - 
Packed 

Mulched               1.7         0.9  0.8 

Not  mulched       1.5            .6  .4 


Not  packed 

Mulched 

.6 

.2 

.2 

Not  mulched 

.6 

.2 

.2 

Packing  probably  resulted  in  better  contact  between 
moist  soil  and  the  seeds,  and  the  layer  of  grass 
mulch  protected  the  soil  from  drying.  According 
to  Cassady  (1937b),  emerging  fourwing  saltbush 
seedlings  seem  to  require  plant  litter  for  protection. 
He  suggested  either  allowing  litter  to  accumulate 
naturally,  or  cutting  shrubs  and  scattering  them  over 
seedings. 

Rather  comprehensive  mulching  studies  were 
conducted  at  the  Santa  Fe  Lab  and  the  QRA  site 
in  1967  and  1968.  The  objective  of  these  studies 
was  to  test  the  concept  of  seeding  in  moist  soil, 
then  applying  a  mulch  to  delay  moisture  losses 
so  as  to  improve  seedling  establishment.  In  both 
years,    the    Santa   Fe   Lab   studies   were   started   in 


July  and  the  QRA  studies  in  August.  Seeds  were 
planted  in  furrows  2  to  3  inches  deep  and  10  feet 
long.  Seeding  rate  was  15  viable  seeds  per  foot 
of  row.  Seeds  were  covered  with  0.5  inch  of  soil. 
Mulches  were  applied  immediately  after  seeding 
(fig.  21).  Included  as  mulches  were  oat  straw, 
aluminized  asphalt,  white  petroleum  resin,^  and 
Soil    Gard.  Soil    moisture    was    determined   at 

1-  to  3-day  intervals  by  gravimetric  sampling.  Soil 
temperatures  were  measured  by  thermistors  placed 
in  the  test  rows  at  the  same  level  as  the  seeds  and 
covered  with  the  same  amount  of  soil  and  mulch 
material. 

In  the  1967  study  at  Santa  Fe,  seeds  were 
planted  and  mulches  applied  July  10,  1967.  Seed- 
lings began  emerging  July  18,  emerged  rapidly 
from  July   21    to  24,  and  reached  maximum  stands 


''Experimental  products  supplied  by  Dr.  R. 
L.  Fern,  Chevron  Research,  Richmond,  Califor- 
nia. Aluminized  asphalt  identified  as  64R- 
1101;   white  petroleum  resin,    68R-6268. 

^A  latex  compound  manufactured  by  Alco 
Chemical  Corp.,   Philadelphia,   Pa. 


Table   18. --Survival   of  fourwing  saltbush  seedlings   at  the  Corona  site  in  Novem- 
ber 1964,    1966,   and   1968;   seeds   from  two  sources  were  planted  in  July   1964 


Seedbed  treatment 


Seedling  survival   by 
seed  source 


Taos   seed 


Lamy  seed 


1964    I    1966    I    1968 1964    I    1966  T  1968 


Number  per  foot  of  row  - 


Packed  before  seeding: 
No  mulch 
Mulch 

0.3 
1.3 

0.3 
.7 

0.3 
.7 

0.7 
3.7 

1.0 
1.7 

1.0 
1.3 

Packed  after  seeding: 
No  mulch 
Mulch 

1.3 
1.3 

0 
.7 

0 
.7 

1.0 
1.0 

1.0 
1.3 

1.0 
1.0 

Packed  before  and  after  seeding: 
No  mulch 
Mulch 

.3 
.7 

0 
.7 

0 
.7 

1.0 
1.3 

.7 
1.0 

.3 
.7 

Average 
No  mulch 
Mulch 

.6 
1.1 

.1 

.7 

.1 
.7 

.9 
2.0 

.9 
1.3 

.8 
1.0 
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August  28.      The   number   of   seedlings   per  foot  of 
row  under  straw  and  asphalt  mulches  was: 


Mulch  treatment 

Aluminized      None 
Straw       asphalt       (control 


Seedlings   counted: 

July  18  0.8  0   1 

July  21  1.4  8 

July  24  2.5  1  0 

July  28  2.7  1.0 

August   7  3.4  l.Q 

August   14  3.5  1.1 

August   18  3.5  2.3 

August  28  3.6  2.7 

September  5  3.4  2.6 


dumber  of  seedlings) 


0.1 
.3 
.4 
.5 
.5 
.6 
.7 
.7 
.7 


Seedling  establishment  was  best  in  rows  mulched 
with  straw  (fig.  22),  and  rows  mulched  with  alumi- 
nized asphalt  produced  stands  substantially  better 
than  unmulched  rows.  Moisture  in  the  top  inch  of 
soil  fluctuated  with  rainfall  (fig.  23).  Unmulched 
soil  generally  was  drier  than  mulched  soil  the  first 
2  weeks,  when  seedlings  were  emerging.  None 
of  the  mulches  was  completely  effective  in  pre- 
venting losses  of  soil  moisture,  but  mulched  soil 
was  more  moist  than  unmulched  soil  3  to  4  days 
after  seeding,  and  again  8  to  I  I  days  after  seeding. 
Soil  temperatures  were  lower  under  the  straw  than 
under  the  other  mulches  (table  19),  which  helps 
explain  the  better  seedling  emergence  in  rows 
mulched  with  straw. 

In  the  1967  QRA  mulch  study,  seeds  were 
planted  and  mulches  applied  August  10.  Seedling 
emergence  was  good  (more  than  one  plant  per 
foot  of   row)   for  all  treatments,   largely  because  of 


2  weeks  of  cool,  wet  weather  after  the  date  of 
seeding.  Soil  moisture  was  adequate  for  good 
seedling   emergence   even   in  the  unmulched  rows. 


figuAe,  22.--S&(icLtingi>  utabtuhzd  in  1967 
Santa  Fe  Ualck  Study.     E&it  eAtabtuhrmnt 
woA  in  Kowi,  mulchi2.d  with  .itA'aw. 
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Table   19. --Reoresentati ve  soil    temperatures 
under  different  mulches   at  the  0.5-inch  depth 
during  the   first  2  weeks   following  seeding 
and  mulching  at  the  Santa  Fe  Lab  site  on  July 
10,    1967 


Ai  r  tem- 
perature 
in  shade 
(°F.) 


No  mulch 
,  Control ) 


Soi 1    temperature    (°F.  ) 
under  each  mulch 


Straw 


Aluminized 
asphalt 


Soi  1 
Gard 


54 

57 

64 

62 

59 

60 

60 

63 

62 

62 

66 

68 

68 

71 

67 

70 

87 

72 

86 

95 

79 

92 

79 

95 

105 

86 

104 

83 

100 

111 

90 

112 

87 

107 

113 

92 

119 

87 

109 

114 

Effective  rains  fell  August  II,  15,  and  21.  More 
than  twice  as  many  seedlings  emerged  in  rows 
mulched  with  Soil  Gard  as  in  unmulched  rows  (table 
20).  The  better  seedling  emergence  is  attributed 
to  slightly  higher  soil  moisture  under  Soil  Gard. 
The  1968  Santa  Fe  Lab  mulch  study  was  begun 
July  9.  Because  rainfall  was  negligible  during  the 
first  9  days,  the  various  mulches  were  well  tested. 
Losses  in  soil  moisture  were  less  under  the  mulches 
than  in  the  unmulched  rows  (fig.  24).  Seedlings 
began  emerging  the  6th  day  after  seeding.  Stands 
that  emerged  in  rows  mulched  with  straw  or  white 
petroleum  resin  were  significantly  better  than  those 
in  other  rows.  Temperatures  during  the  first  week 
were  much  cooler,  particularly  from  10  a.m.  to 
6  p.m.,  under  the  straw  and  white  petroleum  resin 
(table  21).  These  cooler  temperatures,  together 
with  favorable  soil  moisture,  help  explain  why  seed- 
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Table  20. --Emergence  and  survival  of  fourwing  saltbush  seedlings,  in 
relation  to  mulch  treatments  at  QRA  site,  August  10,  1967 


Date  of 

Seedlir 

ig  survival 

by 

mulch  treatment 

observation 

No 
(C 

mulch 
ontrol ) 

Native 
grass ^ 

Al uminized 
asDhal t 

Soil 

Gard2 

-     -     - 

-     -     -  Nunibe 

r-     -     -     - 

-     - 

1967: 

August  21 
August  28 
September  11 
October   13 

2.3 
2.2 
2.4 
2.7 

3.6 
2.4 
2.0 
1.4 

2.6 
2.8 
2.7 
2.8 

5.9 
6.1 
5.6 
5.6 

1968: 
May  9 
October  28 

2.4 
2.4 

1.1 
1.1 

2.8 
3.0 

4.9 

4.4 

^Application  probably  too  heavy. 

^Latex  compound  applied  1  part  chemical  to  4  parts  water. 


.35 

.30 

2.25 

5    20 

z  ,  15 

10 

.05 


RAINFALL 


22         23         24  25 


27         28         29 


30 


SOIL  MOISTURE 


20 


1.6   - 


1.2 


m    .8 


1  STRAW 

0    ALUMINUM    ASPHALT 
B    SOIL  GARD 

2  WHITE  PETROLEUM  RESIN 
[]    NO  MULCH 


SEEDLINGS 


k 
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figuAe.  24.--Rain(,CLU.,   ioil  molituAe,    and  i^ndting   tmQjiQznct  i^om  hz^daxQi  made.  JuZij  9,    196S  in 
mulch&d  and  unmLitchtd  -^owJi   at  Santa  Fe.      (Wo  b^ddtlngi   tmzfigzd  (^Kom  ixndzn.  Soil  GctJid.  ] 
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Table  21. --Average  soil  temperatures  under  different  mulches  during  the  first  week  after  seeding 
and  mulching  at  the  Santa  Fe  Lab  site  on  July  9,  1968 


Time  of  day 
(2-hour  periods^ 


Air 
temoerature 


Soil  temperature  by  mulch  treatment 


No  mulch 
(Control ) 


Straw 


Aluminized 
asphalt 


White 

petroleum 

resin 


Soil 
Gard 


°F.    - 


8  to   10  a.m. 

66.5 

65.3 

64.1 

67.1 

60.6 

66.1 

10  to   12  noon 

71.1 

78.0 

69.5 

88.8 

67.4 

84.8 

12  to  2  p.m. 

79.2 

91.6 

77.7 

92.5 

74.6 

97.6 

2  to  4  p.m. 

84.2 

103.1 

82.6 

100.2 

80.0 

107.6 

4  to  6  p.m. 

80.8 

85.7 

76.7 

86.3 

72.1 

91.2 

6  to  8  p.m. 

72.4 

80.1 

75.8 

81.5 

69.4 

82.1 

8  to   10  p.m. 

64.6 

73.8 

72.8 

76.0 

65.5 

75.2 

10  to  12  midnight 

60.2 

67.7 

69.0 

72.5 

61.6 

69.6 

12  to  2  a.m. 

60.2 

65.6 

66.6 

69.1 

60.6 

66.8 

2  to  4  a.m. 

60.4 

63.7 

65.0 

67.5 

59.1 

65.0 

4  to  6  a.m. 

62.3 

63.5 

64.1 

67.4 

59.0 

64.8 

5  to  8  a.m. 

62.7 

63.3 

63.9 

66.6 

58.8 

64.6 

ling  emergence  was  higher  where  straw  or  white 
petroleum  resin  were  applied.  By  contrast,  tem- 
peratures exceeding  100°  were  recorded  from  2 
to  4  p.m.  at  the  seed  zone  in  unmulched  rows  and 
in  rows  mulched  with  Soil  Gard  or  aluminized  as- 
phalt. 

The  1968  QRA  mulch  study  was  installed  August 
14.  By  August  23,  seedlings  had  emerged  in  rows 
mulched  with  either  straw,  aluminized  asphalt,  or 
white  petroleum  resin  (table  22).  This  emergence 
resulted  from    moisture   in   the   soil   at   the   time  of 


seeding.  Effective  rains  fell  August  20,  26,  and  28. 
As  a  consequence,  seedlings  emerged  in  all  test 
rows.  Peak  numbers  were  reached  on  September 
12,  after  which  stands  declined.  Differences  in 
temperature,  as  well  as  soil  moisture,  under  the 
vat'ious  mulches  account  for  the  differences  in  seed- 
ling emergence.  Soil  temperatures  the  5th  day 
after  seeding,  when  all  mulches  were  intact  and 
functioning,  show  a  wide  spread  among  the  dif- 
ferent mulch  treatments  during  the  afternoon  hours 
(fig.   25).    At   3   p.m.,  for  example,  the  temperature 


Table  22. --Emergence  and  survival    of  fourwing  saltbush   seedlings   in   relation 
to  mulch   treatments   at  QRA  site,  August   14,   1968 


Date  of 
observation. 
1968 


Seedling  emergence  and  survival   by  mulch  treatment 


to  mulch 
[Control ) 


Straw 


Aluminized 
asphalt 


White  petro- 
leum resin 


Soil 
Gard 


0.17    , 

-     -     -  Num 

Der  per  root  o 

T   row  -     -      - 

- 

August  23 

5.78 

4.69 

2.08 

0.03 

August  27 

.14 

6.25 

5.28 

2.22 

.03 

September  3 

4.75 

7.44 

5.97 

5.64 

3.14 

September   12 

5.00 

7.31 

6.06 

5.83 

3.22 

October  7 

3.22 

6.00 

5.56 

4.61 

1.58 

October  28 

3.05 

5.75 

5.47 

4.50 

1.58 
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9    10    II    12     I     2345678 
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under  Soil  Gard  measured  111°  compared  with 
only  75°  under  white  petroleum  resin  and  80° 
under  straw.  All  of  the  mulches,  except  Soil  Gard, 
lowered  the  soil  temperature  to  less  than  that  of 
unmulched  soil  from  1  to  4  p.m.  During  the  first 
5  days  after  seeding,  soil  moisture  dropped  sharply 
(fig.  26).  Soil  moisture  exceeded  field  capacity 
in  all  rows  at  the  time  of  seeding,  yet  by  the  5th 
day,  moisture  was  only  5  percent  in  unmulched 
rows  as  against  7.4  percent  in  rows  mulched  with 
straw.  Soil  moisture  remained  in  excess  of  7  per- 
cent under  the  aluminized  asphalt  from  the  date 
of  seeding  to  September  3,  which  undoubtedly  ex- 
plains the  good  seedling  emergence  for  this  mulch. 
Moisture  under  straw  likewise  remained  higher  than 
for  the  other  treotments  throughout  the  first  2 
weeks.  None  of  the  mulches,  however,  was  fully 
effective  in  preventing  moisture  losses  from  the 
top  inch  of  soil. 

Results  of  these  mulch  studies  support  the  con- 
cept of  seeding  when  the  soil  is  moist,  and  delaying 
moisture  losses  by  applying  mulch  over  the  seeded 
rows.  If  mulches  are  used  to  improve  chances  of 
success  from  summer  seeding,  the  mulch  material 
should    function    to    reduce   afternoon  soil  tempera- 


tures, such  as  straw  and  white  petroleum  resin 
did  in  our  studies.  Otherwise  the  mulch  material, 
like  Soil  Gard,  may  cause  the  top  layers  of  soil 
to  heat  up  to  temperatures  that  inhibit  germination. 
This  characteristic  of  certain  mulches  to  raise  the 
soil  temperature  could  be  an  advantage,  however, 
for  seeding  during  the  cooler  seasons.  For  example, 
the  seeds  might  be  placed  in  moist  soil  in  early 
spring  when  the  temperatures  are  low,  then  cov- 
ered with  a  mulch  such  as  Soil  Gard,  black  asphalt, 
or  black  polyethylene.  The  mulch  would  serve  the 
dual  purposes  of  conserving  soil  moisture  and  rais- 
ing soil  temperatures. 


Mechanized  Trials 

Seedbed  preparation  probably  is  necessary  to 
obtain  good  stands  of  fourwing  saltbush.  Wilson 
(1928)  reported  failures  from  broadcasting  the  seed 
without  seed  coverage,  but  obtained  satisfactory 
stands  when  the  seeds  were  broadcast  and  then 
covered  by  disking.  In  26  trials.  Bridges  (1941) 
obtained  a  good  stand  from  only  one.  hie  blamed 
rabbits,  poor  seedbed  preparation,  and  wrong  time 
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of  seeding  for  the  failures.  In  studies  at  the  Monica 
site  in  west-central  New  Mexico,  plants  were  estab- 
lished by  drilling  into  drought-weakened  blue  grama 
sod,  but  resulting  stands  were  much  poorer  than 
those  on  prepared  seedbed  (Springfield  1963). 

In  our  studies  at  the  Monica  site,  methods  of 
seeding  included  (1)  drilling  and  (2)  cultipacker  seed- 
ing. Seedbeds  were  prepared  by  (1)  plowing,  (2) 
pitting,  (3)  plowing  and  pitting,  and  (4)  no  cultural 
treatment  (fig.  27).  Rate  of  seeding  was  20  pounds 
of  de-winged  seed  per  acre,  or  about  six  viable 
seeds  per  square  foot. 

Emergence  (number  of  seedlings  per  squarefoot) 
2  months  after  seeding  varied  according  to  method 
of  seedbed  preparation  and  seeding: 


Seedbed 
preparation 

None 


Grain   drill      Cu1 tipacker-seeder 
(Number  of  seedlings) 


0.22 


55 


Pitted 

Plowed  .68 

Plowed-pitted  .58 


0.12 

.70 

1.38 

1.12 


Significantly  fewer  seedlings  emerged  on  the  unpre- 
pared seedbed;  other  differences  were  not  significant. 
The  trend,  however,  was  toward  more  seedlings 
wherever  the  cultipacker-seeder  was  used  on  loose 
seedbeds. 

Eleven  years  after  the  plots  were  seeded,  sig- 
nificantly more  plants  were  still  present  on  prepared 
than  on  unprepared  seedbeds  (fig.  28).  No  differ- 
ences in  number  of  plants  were  measured,  however, 
among  pitted,  plowed,  or  plowed-pitted  seedbed. 
Comparisons  of  the  two  seeding  methods  indicated 
better  stands  with  cultipacker  seeding  on  plowed 
seedbeds.  Beneficial  effects  of  cultipacker-seeding 
were  especially  noticeable  on  plowed-pitted  seed- 
beds. 

Less  than  half  the  seedlings  present  the  year  of 
seeding   survived   as   mature  plants  1  1    years  later: 


Preparation 


Pi  tted 


Plowed 


Plowed-pitted 


Average 

survival 

;  Percent) 

41 

30 

35 
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Average  heights  and  diameters  of  plants  in  the 
11-year-old  stands  were  about  the  same,  regard- 
less of  the  method  of  seedbed  preparation  and 
seeding.  Crown  cover,  however,  was  substantially 
higher  on  prepared  seedbeds  than  on  the  unpre- 
pared seedbeds. 

Of  three  methods  of  seedbed  preparation  tested, 
none  proved  definitely  superior.  Where  there  is 
a  remnant  of  desirable  species,  pitting  or  furrowing 
may  be  preferable,  but  where  the  native  cover  is 
composed  mainly  of  undesirable  plants,  plowing 
probably  would  be  best. 

Although  seedbed  preparation  appears  neces- 
sary for  the  establishment  of  good  stands,  the  seed- 
ing of  fourwing  saltbush  on  unprepared  seedbeds 
could  be  feasible  under  certain  conditions.  For 
example,  many  ranges  in  the  Southwest  support 
a  satisfactory  cover  of  herbaceous  plants  but  no 
browse.  On  such  ranges,  drilling  into  the  undis- 
turbed herbaceous  cover,  particularly  if  it  is  weak- 
ened due  to  drought  as  in  the  Monica  study,  might 
result  in  a  fair  stand  of  browse. 


Transplanting 


Cassady  and  Glendening  (1940)  recommended 
transplanting  fourwing  saltbush  seedlings  during  the 
rainy  season.  Plummer  et  al.  (1966)  reported  seed- 
lings, nursery  stock, or  wildlings  can  be  transplanted 


easily  early  in  the  spring.  Burnham  and  Johnson 
(1950),  however,  reported  their  attempts  to  trans- 
plant seedlings  to  the  field  in  northeastern  New 
Mexico  have  been  discouraging.  McMillan  (1960) 
considered  transplanting  feasible  where  only  a  few 
plants  are  wanted;  he  recommended  seeding  as 
more  practical  for  range  rehabilitation  in  the  semi- 
arid  parts  of  California. 

In  our  studies,  growth  of  plants  differed  accord- 
ing to  source  of  seed.  At  the  Wingate  site,  for 
example,  transplants  from  certain  sources  of  seed 
planted  in  August  1966  grew  taller  than  other 
sources.  All  plants  were  12  inches  tall  when  trans- 
planted. Differences  in  height  as  of  October  18, 
1968  are  due  to  growth  or  "die  back": 


Average 

Seed  source 

height 

(Inches) 

Lamy,   New  Mexico 

17.8 

Corona,  New  Mexico 

16.2 

Delta,   Colorado 

15.3 

Gran  Quivira,   New  Mexico 

14.6 

Isleta,   New  Mexico 

14.4 

Reams   Canyon,   Arizona 

12.6 

Datil ,   New  Mexico 

12.2 

Lovington,   New  Mexico 

10.2 

Lordsburg,  New  Mexico 

8.4 

Safford,  Arizona 

8.1 

Ft.    Thomas,  Arizona 

7.8 

Bare-root  stock  may  be  successfully  established 
if  soil  moisture  is  adequate  (fig.  29).    One-year-old 


TiguAz  29 .--BcLn.t-n.oot  itodz  maij  be  i>aacUi{,uIZij  ditabtiilidd  l(,  ioll  mo-utuA^   c6   adtquctte.: 
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plants  from  the  Los  Lunas  Plant  Materials  Center 
were  planted  as  bare-root  stock  at  the  Corona  site 
in  April  1962.  Soil  moisture  v/as  near  field  capacity, 
and  temperatures  v^ere  cool  at  the  time  of  planting. 
Percent  survival  was  higher  where  competing  blue 
grama  was  eliminated: 

Survival 


Grass  No 

competition       competition 
fPi'rcent) 


1963 
1964 
1965 
1966 


75 
62 
56 

44 


82 

68 
68 


Decreases  in  percent  survival  reflect  changes  in 
site  conditions  and  rabbit  and  deer  browsing.  Com- 
petition from  grass  gradually  increased  on  all  areas, 
particularly  on  the  "no  competition"  areas,  as  no 
measures  were  taken  to  control  grass  that  became 
reestablished. 

Survival  from  transplants  in  our  New  Mexico 
studies  has  been  high  at  all  sites.  Except  where 
rabbits  or  rodents  destroyed  plants,  survival  2  and 
3  years  after  planting  has  ranged  from  50  to  100 
percent. 

Survival  has  varied  according  to  age  and  size 
of  seedlings.  Seedlings  planted  in  August  1964 
at  the  QRA  site  in  competition  with  native  blue 
grama  showed  the  following  survival  and  growth 
in  September  1  967: 


When  trans 

planted 

September 

1967 

Age 
(Weeks) 

Average 

height 

(Inches) 

Survival 
(Percent) 

Average 

height 

(Inches) 

4 

2.7 

55 

8.8 

8 

6.3 

100 

10.7 

14 

11.9 

100 

15.5 

Apparently,    seedlings    should    be   at    least  8  weeks 
old  and  6  inches  tall  for  transplanting. 

Vigor  and  growth  of  transplants  appear  to  vary 
with  kind  of  site  preparation.  Seedlings  5  to  6 
inches  tall  transplanted  in  July  1966  measured  as 
follows  in  March  1967: 


No  site  preparation 
Shallow  furrows 
Large  pits    (5   inches   deep] 
Plastic  mulch  squares 


Average 

height 

(Inches) 

7.8 
7.8 

12.5 
14.0 


Plants  grew  best  on  sites  prepared  by  methods 
that  eliminate  much  of  the  competing  vegetation 
and  provide  additional  moisture. 


Time  to  Seed 


hiervey  (1955)  reported  spring  seedings  were 
more  successful  than  fall  seedings  in  Colorado. 
Plummer  et  al.  (1966)  obtained  the  best  stands  in 
Utah  from  winter  planting;  seeds  were  broadcast 
on  snow  and  covered  by  chaining  in  late  winter 
or  early  spring.  According  to  Wilson  (1928)  seed- 
lings emerge  whenever  the  soil  remains  moist  for 
several  days  during  the  fall,  winter,  or  early  spring. 
Bridges  ( 1  942)  recorrimended  seeding  from  Septem- 
ber to  January. 

Our  trials  conducted  over  a  3-year  period  at 
two  sites  in  New  Mexico  showed  spring  and  mid- 
summer seedings  were  more  successful  than  early 
or  late  fall  seedings  (Springfield  and  Housley  1952). 
Results  of  these  trials  indicated  success  of  seeding 
depends  largely  on  the  amount  and  seasonal  dis- 
tribution of  precipitation  during  the  period  when 
temperatures  are  favorable  for  germination  and 
establishment;  these  conditions  prevail  most  con- 
sistently in  spring  and  midsummer  in  New  Mexico. 

Other  studies  conducted  for  3  years  at  the  QRA 
site  showed  large  differences  in  seedling  estab- 
lishment from  year  to  year  and  from  season  to 
season  (table  23).  In  general,  precipitation  patterns 
explain  the  differences  in  stands  resulting  from  the 
nine  dates  of  seeding. 

The  October  16,  1  964  seeding  produced  a  stand 
of  about  one  plant  per  5  feet  of  row.  Since  no 
seedlings  were  found  in  late  April,  the  seedlings 
must  have  emerged  in  May  or  June.  Precipitation 
for  the  May-June  period  totaled  3.80  inches,  well 
above  average  for  the  area.  This  precipitation 
explains  the  development  of  seedling  stands  from 
the  April  28,  1965  seeding  as  well  as  for  the 
October  16,  1964  seeding.  The  July  1,  1965  seed- 
ing  was   slow   in   developing.      No   seedlings   were 
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Table  23. --Emergence  and  survival   of  fourwing  saltbush  seedlings 
from  nine  dates  of  seeding  at  the  QRA  site,    1964-67 


Date 

Seedlings 

Precipitation 

of 
seeding 

Maximum  emergence 

Survival   on 
October  28,   1968 

Between 

dates 

of  seeding 

1  month 

after 

seeding 

2  months 

after 
seeding 

Date 


umber  per  foot  of  row 


Inches 


1964: 

October  16 

July  1,   1965 

0.22 

0.17 

3.82 

(M 

(M 

1965: 

April   28 

July  1,    1965 

.56 

.50 

3.80 

1.52 

3.80 

July  1 

September  15,   1965 

.50 

.33 

5.89 

1.04 

2.67 

September  29 

November  2,    1965 

1.33 

0 

5.14 

2.35 

(M 

1966: 

March  30 

— 

0 

0 

2.17 

.19 

1.12 

July  1 

— 

0 

0 

6.77 

1.38 

4.49 

October  11 

March   17,    1967 

3.38 

1.11 

2.08 

{') 

{') 

1967: 

April   6 

August  18,   1967 

2.67 

.39 

3.26 

.04 

1.11 

July  18 

August  18,    1967 

4.89 

1.94 

24.43 

3.18 

3.81 

^Insufficient  data. 
2To  October  13,    1967. 


visible  August  18,  but  a  fair  stand  of  very  small, 
nevvly  emerged  seedlings  v/as  found  September  15. 
These  seedlings,  only  1  inch  tall,  were  present 
November  2,  1965,  but  by  June  1966,  about  20 
percent  of  them  had  died. 

No  seedlings  became  established  from  three 
dates  of  seeding:  September  29,  1965,  March  30, 
1966,  and  July  1,  1966.  Seedlings  emerged  from 
the  September  29,  1965  seeding  when  2.35  inches 
of  precipitation  fell  during  the  month  of  October, 
but  none  of  these  seedlings  survived  through  win- 
ter. No  emergence  was  ever  observed  for  the 
March  30  and  July  1,  1966  seedings,  despite  what 
seemed  to  be  relatively  favorable  moisture  con- 
ditions. Presumably  the  intervals  between  effec- 
tive rains  were  such  that  germination  was  initi- 
ated and  the  seedlings  began  developing  but  died 
before  they  emerged. 

By  contrast,  the  three  most  recent  dates  of  seed- 
ing-October  11,  1966,  April  6,  1967,  and  July  18, 
1  967— resulted  in  excellent  seedling  emergence.  The 
6  months  following  the  October  11,  1966  seeding 
were  unusuallydry— only  2.08  inches  precipitation 
at  the  study  site.  Examination  of  weather  records 
at  the  Santa  Fe  Airport,  4  miles  from  the  study 
site,    showed    1.05    inches    fell    in   March,   0.43   on 


March  20,  just  10  days  before  seedlings  were  ob- 
served emerging.  Though  the  top  0.5  inch  of 
soil  was  dry  March  30,  excavation  revealed  the 
seedlings  were  rooted  in  moist  soil.  Nearly  two- 
thirds  of  these  seedlings  died  during  the  next  2 
months  when  precipitation  totaled  only  1.1  1  inches. 
Counts  made  March  30,  1967  showed  3.4  seed- 
lings per  foot  compared  with  1.3  per  foot  on  June 
27,  1967.  Most  of  the  seedlings  alive  in  late  June 
1967  survived  through  October  1968.  The  July 
18,  1967  seedings  were  benefited  by  abundant, 
well-spaced  rains;  seedling  emergence  and  estab- 
lishment were  exceptionally  high. 

April  and  July  seedings  were  far  more  success- 
ful than  October  seedings  at  the  Monica  site  (table 
24).  Seedings  with  seeds  collected  at  Taos  and 
at  Lamy  were  made  on  sites  prepared  three  ways 
in  blue  grama  sod.  The  number  of  seedlings  found 
in  October  1967  reflects  the  combined  effects  of 
delayed  emergence  and  seedling  mortality.  Delay 
in  seedling  emergence  was  especially  apparent  on 
plots  seeded  in  October  1964.  Seedling  mortality 
averaged  about  50  percent  for  the  April  and  July 
seedings.  Seedling  establishment  averaged  highest 
from  seeding  in  April  for  the  Taos  seed,  but  from 
seeding  in   July   for   the   Lamy    seed.      Perhaps  the 
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Table  24.--Establ ishment  of  fourwing  saltbush  seedlings  in  relation  to  three  seeding  dates 
at  the  Monica  site  (seed  collected  at  Taos  and  Lamy) 


Seedling  establishment^  by  time  of 
seeding  and  seed  source 


Date  of 
observation 


Precipitation 

during 

interval 


October  12, 
1964 


Taos 


Lamy 


April  1, 
1965 


Taos 


Lamy 


July  7, 
1965 


Taos 


Lamy 


1965: 

April  1 
August  10 
November  17 

1966: 

August  26 
October  18 
October  23 


Inches 


1.58 
8.68 
4.44 


9.37 

2.12 

12.44 


-  Number  per  foot  of  row  -     - 


.1 

.1 
.1 


0.9 


1.3 


.6 


0.4 
.2 

1.9 
1.2 

.2 
.2 
.2 

1.0 
.9 
.9 

^Average  for  rototilled  and  chemically  sprayed  seedbeds. 


Taos  seed,  which  originated  from  a  more  northerly 
area,  responds  better  to  cool  temperatures  than 
the  Lamy  seed. 

Precipitation  is  more  dependable  during  the 
period  July  12  to  August  23  for  most  areas  in  New 
Mexico. 


Seeding  Rote 


Rate  of  seeding  will  depend  on  the  size  and 
quality  of  the  seed.  Various  seeding  rates  have 
been  recommended.  Wilson  (1928)  recommended 
8  to  1 0  pounds  per  acre  for  winged  seeds.  Later 
he  recommended  14  to  16  pounds  per  acre  (Wil- 
son 1931).  Van  Dersol  (1938)  also  recommended 
14  to  16  pounds  per  acre.  Bridges  (1942)  sug- 
gested 10  to  15  pounds,  and  the  U.  S.  Forest  Serv- 
ice (1948),  8  to  1 0  pounds  per  acre.  Springfield 
andHousley  (1952)  recommended  three  viable  seeds 
per  square  foot.  Plummer  et  al.  (1966)  reported 
good  stands  from  spot  seeding  by  hand  at  the  rate 
of  5  pounds  per  acre. 

Based  on  recent  findings  concerning  seed  fill 
and  number  of  seeds  per  pound,  seeding  rates  of 
4  to  8  pounds  per  acre  for  de-winged  seed  or  8 
to  15  pounds  per  acre  for  winged  seed  should  be 
adequate. 


Adaptability 

Fourwing  saltbush  survived  and  grew  for  16 
years  at  five  representative  pinyon-juniper  sites 
in  New  Mexico  (Springfield  1965).  Plots  seeded 
in  1946  were  evaluated  periodically  until  1962. 
Stand  ratings  in  1  962  for  two  sources  or  geographic 
strains  were  as  follows: 


Rating 

Study  site 

Las  Cruces  source 

Taos  source 

Corona 

Fair 

Fair 

Fort  Bayard 

Poor 

Good 

Glorieta  Mesa 

— 

Good 

Monica 

Excellent 

Excel  lent 

Taos  Junction 

Poor 

Good 

At  the   Corona   site,    the   stands  were  damaged  by 
rodents  and  deer. 

Stands  produced  from  seed  collected  near  Taos 
generally  rated  higher  than  stands  from  seed  col- 
lected near  Las  Cruces  (fig.  30).  Adaptability  ratings 
of  1 4-year-old  stands  at  Tres  Piedras  and  Costilla 
in  New  Mexico  indicate  that  probably  8,500  feet 
represents  the  upper  elevotional  limit  of.  adapta- 
bility. 
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More  recently,  container-grown  plants  have  been 
planted  at  the  various  sites  to  test  their  adapta- 
bility to  different  climates  and  soils.  The  plants 
were  grown  from  seed  collected  at  a  number  of 
sites  in  Arizona  and  New  Mexico.  Plants  were  I 
year  old  at  the  time  of  transplanting. 

Though  the  plants  have  been  tested  only  a  few 
years,  indications  arethatcertaingeographic  sources, 
which  may  or  may  not  represent  distinct  ecotype 
strains,  are  better  adapted  to  a  given  area.  For 
example,  plants  from  Chevelon,  Arizona,  were  defi- 
nitely taller  and  more  vigorous  than  plants  from 
other  sources  after  4  years  at  our  QRA  site: 


Average 

Average 

Source 

height 
(Inches) 

vigor^ 

Arizona: 

Chevelon 

26.5 

2.5 

Benson 

11.6 

1.7 

New  Mexico: 

Los   Lunas 

19.0 

2.1 

Moriari  ty 

15.2 

2.0 

Magdalena 

15.1 

1.9 

Datil 

15.0 

1.8 

Corona 

12.5 

1.7 

Bernalillo 

10.7 

1.6 

Hatch 

8.8 

1.5 

Glenwood 

7.6 

1.4 

^1  =  poor;   2  =   fair;   3  =  good. 

Poorest  in  growth  and  vigor  were  the  plants  from 
Glenwood,  New  Mexico.  Another  example  is  pro- 
vided by  plants  at  our  Silver  Hill  sit?,  planted  in 
August  1965.  Of  11  ecotypic  strains,  these  four 
New  Mexico  sources  appear  best  adapted,  based 
on  measurements  made  October  25,  1968: 


Average 

height 

(Inches) 

Average 
vigor^ 

Isleta                 17.9 

2.1 

Gran  Quivira     15.8 

1.8 

Deming                 13.4 

1.8 

Placitas               9.6 

1.5 

^1  =  poor;   2  =   fair;   3  =   good. 

Wilson  (1931)  reported  seed  from  Las  Cruces 
did  not  give  satisfactory  results  when  planted  near 
Galisteo,  220  miles  north.  But  seed  from  Estancia, 
which  is  only  40  miles  south  of  Galisteo,  produced 
shrubs  that  grew  well  near  Galisteo. 

As  a  general  rule,  seed  for  revegetation  should 
be  obtained  from  nearby  or  north  of  the  planting 
site. 


Insect  and  Animal  Damage 

Many  successful  seedings  of  fourwing  saltbush 
have  been  damaged  or  destroyed  by  insects,  rabbits, 
or  rodents.  Grasshoppers  eat  the  cotyledons  and 
stems  of  small  seedlings,  and  some  seedling  stands 
have  been  completely  destroyed.  Rabbits  and 
rodents  also  can  severely  damage  or  destroy  seed- 
ling stands.  Wilson  (1928),  Cassady  and  Glendening 
(1940),  Bridges  (1941),  and  Plummer  et  al.  (1966) 
stressed  the  importance  of  controlling  rabbits  and 
rodents.  Both  cottontails  and  jackrabbits  are  very 
destructive  to  saltbush  seedlings. 

Tests  were  made  to  determine  the  effects  of 
grasshoppers  on  seedling  survival  at  the  ORA  site. 
These  tests  were  conducted  because  evidence  accu- 
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mulated  in  1965  and  1966  indicated  the  death 
of  many  seedlings  was  due  to  grasshoppers,  not 
drought.  In  March  1967,  small  wire  cages  were 
installed  over  selectedgroupsof  seedlings,  and  charts 
were  drawn  showing  the  position  of  each  seedling 
inside  and  outside  the  cages.  Comparisons  between 
charts  drawn  March  7  and  August  7  showed  the 
following  seedling  mortality: 


Percent 
Open  to  grasshoppers  57 

Protected  from  grasshoppers         22 


Further  studies  were  made  at  the  QRA  site  to 
determine  how  much  damage  grasshoppers,  and 
rodents  or  rabbits,  do  to  seedlings.  In  July  1967, 
seedlings  2  to  3  inches  tall  were  transplanted  to 
the  site.  One-third  of  the  seedlings  were  protected 
from  rodents  or  rabbits  by  wire  cages,  and  another 
one-third  were  protected  from  grasshoppers  (fig  31) 
By  November  3,  1967,  rodents  or  rabbits  had  dam- 
aged half  of  the  seedlings  (table  25).  Cottontails 
were  responsible  for  most  of  the  damage.  Grass- 
hoppers injured  a  higher  percentage  of  seedlings 
than  did  rabbits,  but  the  degree  of  injury  to  indivi- 
dual seedlings  was  less.  Thus,  grasshoppers  ate 
portions  of  leaves  of  many  seedlings  but  the  dam- 
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Table  25. --Grasshopper,  rodent,  or  rabbit  damage  to  fourwing  saltbush  seedlings 
transplanted  to  QRA  site,  July  1967 


Plot  treatment 

and  date 
observed,  1967 

Plants  damaged  by-- 

Degree  of  damage^ 

Grasshoppers 

Rodents, 
rabbits 

Grasshoppers 

Rodents, 
rabbits 

-  - 

Percent 

- 

Not  protected  (control): 

August  7 

0 

8 

August  21 

17 

25 

September  18 

67 

33 

November  3 

67 

50 

Rodents,  rabbits  excluded: 

August  7 

8 

0 

August  21 

25 

0 

September  18 

92 

0 

November  3 

92 

0 

0 

2.0 
1.9 
1.9 


2.0 
2.0 
1.6 
1.6 


7.0 
7.7 
7.0 
6.8 


^1  to  2  =  very  light 
3  to  4  =   light 


5  to  6  =  moderate 
7  to  8  =  heavy 


age  was  light.  Rabbits,  on  the  other  hand,  either 
heavily  browsed  a  plant  or  connpletely  ignored  it; 
there  was  no  evidence  of  light  browsing  by  rabbits 
during  the  4  months. 

In  1968,  grasshoppers  were  not  numerous  and 
inflicted  practically  no  damage,  but  rabbits  occasion- 
ally browsed  the  plants.  Survival  and  height  of  the 
plants,   as   of   November   4,   1968,  were  as  follows: 


Average 
survival 


Not  protected   (control) 

Rodents,    rabbits  excluded 

Rodents,    rabbits, 

grasshoppers  excluded 


Average 
______^      height 

'Percent)      ( Inches) 

67  9.9 

92  11.5 


100 


11.9 


These  results,  coupled  with  observational  evidence, 
indicate  rodents  or  rabbits  are  more  serious  enemies 
of  fourwing  saltbush  than  are  grasshoppers.  When 
grasshoppers  are  numerous  they  may  severely  dam- 
age very  small  seedlings,  especially  in  thecotyledon 
stage,  but  they  have  little  effect  on  the  growth  of 
older  seedlings.  Rodents  and  rabbits,  however, 
can  be  extremely  destructive  even  to  relatively 
large  seedlings,  although  seedlings  8  to  1  2  inches 
tall  seem  less  vulnerable. 

Repellent  treatment  appeared  partially  effective 
in  reducing  rabbit  browsing  damage  to  seedlings 
on  the  QRA  site.     Plants  5  inches  tall  were  planted 


in  August  1966,  and  sprayed  in  November.  Obser- 
vations in  March  1967  revealed  plants  treated  with 
repellent  (Arasan  42-S  plus  sticker)  were  taller  and 
browsed  less  severely  by  rabbits; 

Average  Average 

height       browsing   injury^ 
(Inches) 


Not  sorayed 


4.7 


1.7 

.4 


Sprayed  8.7 

U  =   low;   2   =  medium;    3  =  high. 

Apparently  the  repellent  remained  effective  through 
the  winter  months. 

Browsing  by  deer  during  the  winter  and  by 
rabbits  throughout  the  year  damaged  2-year-old 
plants  at  the  Corona  site.  Spraying  plants  with  a 
repellent  (Arasan  42-S  plus  sticker)  reduced  the 
injury  only  slightly. 

Mature  plants  of  fourwing  saltbush  plants  rarely 
are  damaged  by  rabbits  or  rodents,  but  deer  and 
livestock  sometimes  browse  plants  so  closely  that 
vigor  is  reduced.  Mature  plants  also  have  been 
found  damaged  by  insects.  Two  scale  insects,  one 
identified  as  the  irregular  wax  scale  (Cercoplastes 
irregularis  Ckll.),  and  the  other  an  ensign  coccid 
(Orthezia  annae  Ckll.),  reduce  plant  vigor  and  seed 
production.  Galls  are  fairly  common;  one  cause 
of  these  galls  is  a  fly  (Asphondylia  atriplicis 
(Townsend)).      These   gall-makers   in   turn   are  para- 
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sitized  by  a  wasp  (Torymus  capillaceous  (Huber))? 
Another  insect,  an  unidentified  cose  bearer,  has 
been  observed  to  bore  into  seeds  and  destroy  the 
embryo. 


SUMMARY  AND  CONCLUSIONS 

Fourwing  saltbush,  a  valuable  brov^se  plant, 
is  palatable  and  nutritious  the  year  round;  it  prom- 
ises to  play  an  important  role  in  range  improve- 
ment throughout  the  Southwest.  Studies  were  con- 
ducted to  learn  more  about  its  requirements  for 
germination  and  establishment. 

Size  of  seed  varies  from  site  to  site,  plant  to 
plant,  and  even  on  the  same  plant.  Number  of 
seeds  per  pound  ranged  from  7,800  to  54,900  for 
winged  seed  and  from  13,200  to  76,800  for  de- 
winged  seed. 

Usually  only  about  half  of  the  seeds  can  be 
expected  to  contain  embryos,  although  seed  fill 
varies  according  to  place  and  year  of  collection. 
The  larger  seeds  within  a  collection  generally  are 
better  filled  than  the  smaller  seeds,  and  some  col- 
lection sites  consistently  produce  seeds  with  higher 
fill. 

Seeds  are  easily  collected  when  they  are  ripe 
in  the  fall.  Because  they  remain  on  the  bushes 
during  the  winter,  the  seeds  may  be  harvested  over 
a  period  of  several  months.  Hand  collection  is  the 
usual  practice. 

The  seeds  apparently  undergo  afterripening, 
which  seems  to  be  essentially  complete  within  10 
months  after  collection  in  the  fall. 

Winged  seeds  are  fully  imbibed  in  24  hours, 
de-winged  seeds  in  15  hours. 

Germination  usually  is  best  at  relatively  low 
temperatures.  The  optimum  temperature  range 
appears  to  be  from  55°  to  75°.  At  temperatures 
less  than  55°,  germination  is  delayed  and  proceeds 
more  slowly  than  in  the  optimum  range.  High 
temperatures,  especially  those  exceeding  80°,  tend 
to  suppress  germination. 

Germination  is  decreased  and  delayed  by  in- 
creasing moisture  stress;  it  is  negligible  at  stresses 
approximating  wilting  percentage.  Seedsgerminated 


^Insects  identified  through  cooperation 
with  the  Insect  Identification  and  Parasite  In- 
troduction Research  Branch,  U.  S.  Dep.  Agr. , 
Agr.    Res.    Serv.,    Beltsville,   Md. 


well  even  under  a  relatively  high  7-atm.  stress  at 
63°,  which  suggests  moisture  stress  may  be  less 
important    when    temperatures   are    near   optimum. 

Light  apparently  is  neither  required  for  germi- 
nation, nor  does  it  inhibit  germination  when  tem- 
peratures are  near  optimum.  There  are  indications, 
however,  that  light  may  be  needed  at  relatively 
high  temperatures,  and  perhaps  also  for  freshly 
collected  seeds. 

The  seeds  appear  to  be  sensitive  to  deficient 
aeration. 

Seed  viability  can  be  maintained  under  ordinary 
dry  storage;  refrigeration  or  other  special  storage 
conditions  are  not  necessary.  Viability  varies  with 
year  of  collection,  although  some  plants  consistently 
produce  seeds  of  higher  viability  than  others.  Seeds 
retain  their  viability  for  many  years;  seeds  from 
one  lot  lost  only  half  their  germinative  energy 
in  1  6  years. 

Various  seed  treatments  have  not  consistently 
improved  germination.  De-winging  the  seed  in  a 
hammermill,  an  accepted  practice,  reduces  bulk, 
facilitates  handling  and  seeding,  and  hastens  germi- 
nation. Effects  of  scarification  vary  with  the  source 
of  seed  and  seedcoat  characteristics;  thin-coated 
seeds  were  damaged  whereas  thick-coated  seeds 
were  benefited  by  very  light  scarification.  None 
of  several  chemicals,  including  thiourea,  citric  acid, 
hydrogen  peroxide,  and  sulfuric  acid,  proved  effec- 
tive for  stimulating  germination.  Results  from  strati- 
fication were  inconsistent;  some  seeds  germinated 
better  following  30  days  of  moist  chilling,  but  most 
did  not  respond.  No  advantages  were  found  from 
soaking  or  washing  the  seeds  in  water. 

Seed  viability  can  be  determined  by  staining 
embryos  with  tetrazolium  chloride.  This  is  a  quick 
test,  the  results  of  which  are  available  in  hours 
rather  than  in  weeks. 

Under  nursery  conditions,  seedlingsbegin  emerg- 
ing within  6  to  1  0  days  after  the  seeds  are  planted, 
provided  moisture  is  adequate  and  temperatures 
are  near  optimum.  Emergence  usually  is  complete 
within  12  to  20  days.  Seedling  mortality  sometimes 
is  high,  presumably  due  to  seedborne  or  soilborne 
organisms.  Con  tami  not  ion  of  seed  lings  by  pathogens 
is  not  uncommon.  Fungicidal  treatment  of  seeds 
or  soil,  or  both,  has  been  partially  effective  in 
reducing  seedling  mortality. 

Growth  of  plants  in  the  nursery  generally  has 
been  better  in  soils  from  representative  sites  than 
in  horticultural  mixes. 
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De-winged  seeds  should  not  be  planted  more 
than  an  inch  deep.  Seedling  emergence  was  great- 
er and  more  rapid  from  0.5  inch  than  from  1.5 
or  2  inches. 

Mulching  usually  improves  seedling  establish- 
ment. The  application  of  straw,  certain  chemical 
mulch  materials,  or  native  grass  generally  resulted 
in  greater  seedling  emergence  and  survival.  Plant- 
ing the  seeds  in  moist  soil  and  applying  a  mulch 
to  delay  moisture  losses  appears  to  be  an  effective 
seeding  technique.  Mulches  that  reduced  after- 
noon temperatures  were  the  most  satisfactory  for 
summer  seeding. 

Seedbed  preparation  probably  is  necessary  to 
obtain  good  stands  of  fourwing  saltbush  by  direct 
seeding.  Although  plants  have  been  successfully 
established  by  drilling  directly  into  drought-weak- 
ened blue  grama  sod,  the  resulting  stands  were 
much  poorer  than  those  on  prepared  seedbeds. 
Plowing  is  undoubtedly  the  best  method  of  seed- 
bed preparation  where  the  native  cover  is  com- 
posed mainly  of  undesirable  plants.  Where  a  rem- 
nant of  desirable  species  exists,  however,  pitting 
or  furrowing  may  be  preferable. 

Transplanting  is  an  effective  method  of  estab- 
lishing stands,  particularly  on  critical  areas.  Nursery- 
grown  plants  or  wi Idlings  can  be  readily  transplanted 
in  moist  soil.  Survival  is  high.  Plants  should  be 
at  least  6  inches  tall  for  transplanting.  Removal 
of  competing  vegetation  from  around  the  plant 
improves  survival  and  growth. 

Spring  and  midsummer  seedings  usually  are 
more  successful  than  fall  seedings  in  the  Southwest. 
Success  of  seeding  depends  largely  on  the  amount 
and  seasonal  distribution  of  precipitation  during  the 
period  when  temperatures  are  favorable  for  germi- 
nation and  establishment. 

Seeding  rates  of  4  to  8  pounds  per  acre  for 
de-winged  seed  or  8  to  15  pounds  per  acre  for 
winged  seed  should  be  adequate. 

Long-term  adaptability  trials  showed  fourwing 
saltbush  was  adapted  at  several  sites  ranging  in 
elevation  from  6,300  to  7,500  feet.  Plants  grown 
from  southern  New  Mexico  seed  generally  were 
less  well  adapted  than  those  from  northern  New 
Mexico  seed.  Both  sources  grew  poorly  at  8,500 
feet.  As  a  rule,  seed  for  revegetation  should  be 
obtained  from  nearby  or  north  of  the  planting  site. 

Control  of  rabbits  and  rodents,  where  they  are 
numerous,  is  recommended.  Stands  of  fourwing 
saltbush  are  especially  susceptible  to  damageduring 


the  seedling    stage.     Repellents  have  partially  pre- 
vented damage. 
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COMMON  AND  BOTANICAL  NAMES  OF  PLANTS  MENTIONED 


Grasses 


Dropseed,  sand 
Galleta 
Grama,  blue 
Grama,  sideoats 
Mulily,   ring 
Wheatgrass,  western 


Sporobolus  aryptandrus    (Torr. )   A.    Gray 
Hilaria  gamesii   (Torr.)   Benth. 
Bouteloua  gracilis    (H.B.K.)   Lag. 
Bouteloua  ourtipendula   (Michx.)   Torr. 
Muhlenhergia  torreyi    (Kunth)   Hitchc. 
Agropyron  smithii   Rydb. 


Trees  and  Shrubs 


Creosotebush,  Coville 
Juniper,  one-seed 
Mountainmahogany,   true 
Pinyon 

Sagebrush,  big 
Winterfat,   common 


Larrea  tridentata   (DC.)   Coville 
Juniperus  monosperma   (Engelm. )   Sarg. 
Ceraoaarpus  montanus   Raf. 
Finns  edulis   Engelm. 
Artemisia  tvidentata  Nutt. 
Eurotia  lanata   (Pursh)   Moq . 


Agriculture  —  CSU,  Ft  Collins 
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As  our  Nation  grows,  people  expect  and  need  more  from  their 
forests— more  wood;  more  water,  fish  and  wildlife;  more  recreation 
and  natural  beauty;  more  special  forest  products  and  forage.  The 
Forest  Service  of  the  U.  S.  Department  of  Agriculture  helps  to 
fulfill  these  expectations  and  needs  through  three  major  activities: 

•  Conducting  forest  and  range  research  at  over  75  locations 
ranging  from  Puerto  Rico  to  Alaska  to  hiawaii. 

•  Participating  with  all  State  forestry  agencies  in  cooperative 
programs  to  protect,  improve,  and  wisely  use  our  Country's 
395   million   acres  of  State,  local,  and  private  forest  lands. 

•  Managing  and  protecting  the  187-million  acre  National 
Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the  new 
knowledge  that  research  scientists  develop;  by  setting  an  example 
in  managing,  under  sustained  yield,  the  National  Forests  and 
Grasslands  for  multiple  use  purposes;  and  by  cooperating  with  all 
States  and  with  private  citizens  in  their  efforts  to  achieve  better 
management,  protection,  and  use  of  forest  resources. 

Traditionally,  Forest  Service  people  have  been  active  members 
of  the  communities  and  towns  in  which  they  live  and  work.  They 
strive  to  secure  for  all,  continuous  benefits  from  the  Country's 
forest  resources. 

For  more  than  60  years,  the  Forest  Service  has  been  serving 
the    Nation   as   a    leading   natural    resource   conservation   agency. 
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is  now  with  the  Department  of  Forestry,  Oklahoma  State  University, 
Sti llwater. 

^Located  at  Flagstaff,  Arizona. 


Abstract 


Costs  of  felling  large  alligator  juniper  trees 
are  affected  by  tree  conditions  and  stem  diameter. 
Conditions  that  increased  felling  time  were:  (1) 
no  appreciable  lean  or  imbalance;  (2)  low-forked 
trees  on  which  a  second  cut  was  necessary  to  reduce 
stump  height  to  meet  a  treatment  requirement;  and 
(3)  deteriorated  and  split  stems  which  required  verti- 
cal cuts  to  fell  in  more  than  one  piece.  Sawyer 
skill  and  safety  were  important  factors  in  felling 
these  trees.  Possible  alternative  practices  are  sug- 
gested for  trees  with  these  conditions,  and  for  very 
large  trees. 

Functions  relating  felling  time  and  felling  time 
per  unit  volume  to  stem  diameter  are  provided. 
Results  can  be  applied  in  treatment  design  and 
in  estimating  practice  and  harvesting  costs. 


Effects  of  Tree  and  Sawyer  Factors  on  Costs 
of  Felling  Large  Alligator  Junipers 

Robert  L.   Miller  and  Thomas   N.    Johnsen,  Jr. 


Alternative  land-management  programs  involv- 
ing substantial  investments  in  removing  alligator 
juniper  (Juniperus  deppeana  Steud.)  areunderway  in 
the  Southv^est.  Large-scale  clearing  for  forage 
improvement  is  currently  practiced,  and  removal 
to  increase  water  production  is  being  studied.  The 
potential  exists  for  increased  utilization  of  juniper 
in  a  variety  of  products.  Information  is  therefore 
needed  on  methods,  costs,  and  means  for  reducing 
costs  of  felling  junipers.  This  study  reports  the 
effects  of  tree  characteristics,  working  conditions, 
and  sawyer  factors  on  felling  time,  and  suggests 
alternatives  that  can  be  adopted  to  improve  opera- 
tional efficiency. 

The  data  were  taken  during  the  treatment  of  a 
100-acre  experimental  alligator  juniper  watershed 
within  the  Beaver  Creek  Pilot  Watershed  (Worley 
1965)  in  central  Arizona.  The  watershed  was  con- 
verted to  herbaceous  cover  as  port  of  a  water- 
yield  experiment. 

Methods 

The  study  was  planned  to  obtain  data  on  felling 
times  and  tree  characteristics  for  as  many  large 
trees  as  possible.  Many  trees  were  studied  because 
of  the  wide  variations  in  several  variables  that 
appeared  to  affect  felling  time,  and  the  apparent 
need  to  stratify  these  variables  in  the  analysis. 
Tree  size,  growth  habit,  and  other  characteristics 
were  recorded  on  182  trees  of  15  inches  diameter 
at  breast  height  (d.b.h.)  or  larger.  Felling  times 
were  obtained  on  133  of  these  trees.  Time  break- 
downs of  sawyer  practices  were  also  obtained  as 
opportunities  permitted. 


^Barger,  Roland  L. ,and  Ffolliott,  Peter  F. 
The  physical  characteristics  and  utilization  of 
major  woodland  tree  species  in  the  Southwest. 
1970.  (In  preparation  for  publication.  Rocky 
Mt.  Forest  and  Range  Exp.  Sta. ,  U.S.  Dep.  Agr. , 
Forest  Serv.,   Fort  Collins,   Colo.) 


Tree  Characteristics 

Data  collected  on  tree  characteristics  included 
stem  diameters  at  d.b.h.  and  at  the  cut,  number  of 
stems  per  plant,  presence  of  dead  material  in  stem 
and  crown,  crown  diameter,  tree  height,  and  presence 
of  lean  or  imbalance.  Felling  observations  included 
number  of  undercuts  made,  vertical  cuts  to  fell 
separate  parts  of  a  split  stem,  number  and  size  of 
limbs  cut  prior  to  felling,  and  second  cuts  to  reduce 
stump  height. 

Stem  and  crown  conditions  complicated  measur- 
ing. Particular  problems  were  the  large  variability 
in  crown  diameters  and  heights  within  stem  diameter 
groups,  and  the  frequency  of  multistemmed  plants 
(fig.  1).  These  conditions  would  also  limit  photo 
interpretation.  The  182  trees  tallied  grew  as  159 
plants,  which  also  had  an  additional  16  stems  less 
than  15  inches  d.b.h.  (stems  of  plants  that  forked 
below  stump  height  were  considered  as  individual 
trees).  Crowns  of  these  plants  covered  5  percent 
of  the  total  area. 

Tree  vigor,  as  evidenced  by  partly  dead  stems 
and  crowns,  varied  widely.  Compare  !he  relatively 
vigorous  crowns  and  sound  stems  (fig.  I)  with  partly 
dead  trees  (fig.  4).  Vigor  did  not  seem  closely 
associated  with  size. 

About  60  percent  of  the  trees  had  partly  dead 
crowns,  and  about  the  same  proportion  had  dead 
material  in  the  stem.  Crowns  classified  as  partly 
dead  included  one  or  more  of  these  conditions: 
large  dead  limbs,  many  small  dead  limbs,  or  dead 
extremities  in  most  limbs.  Partly  dead  stems  either 
had  a  "catface"  or  scar  on  the  exterior  of  the  stem, 
or  more  than  a  third  of  the  cross  section  at  the  cut 
consisted  of  dry  deadwood.  Lightning  or  fire  appar- 
ently caused  most  of  the  sten  scars. 

Deadwood  in  the  stem  is  likely  to  increase  fell- 
ing time.  No  analysis  was  made  to  relate  this  con- 
dition to  felling  time,  however,  because  of  difficulty 
and  doubtful  accuracy  of  determining  the  amount 
of  dead  material  in  the  cross  section. 

Tree  and  stand  conditions  are  considered  to  be 
typical  of  many  alligator  juniper  areas. 
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Felling  Time  in  Relation  to 
Tree  Characteristics 

The  need  to  examine  factors  that  affect  felling  is 
pointed  up  by  the  extreme  variations  in  felling 
time,  and  by  the  high  costs  experienced  on  many 
trees.  Times  varied  from  1  minute  to  2.25  hours 
per  tree.  The  I  33  trees  studied  required  30. 1  man- 
hours  to  fell,  exclusive  of  pre-limbing  time  (cutting 
limbs  preparatory  to  felling)  and  time  involved  in 
moving  between  trees.  Fifteen  trees  required  30 
minutes  or  more  each  to  fell. 

Felling  times  or  other  costs  of  removal  can  be 
related  to  tree  characteristics  such  as  height  or  stem 
diameter."^  Since  diameter  at  the  cut  is  more 
meaningful  in  sawing  operations  and  is  better 
than  d.b.h.  for  measuring  stem  size  of  alligator 
juniper    trees    (fig.     I),    it    is   used    in   this  analysis. 

A  plot  of  felling  times  over  diameter  shows 
the  relation  of  certain  tree  conditions  to  felling 
time  (fig.  2).  Tree  conditions  that  increased  fell- 
ing time  are:  (1)  no  appreciable  lean  or  imbalance 
(fig.  3);  (2)  low-forked  trees  on  which  a  second  cut 
was  made  to  reduce  a  stump  height  to  conform 
with  the  treatment  requirement  of  low  stumps;  and 
(3)  trees  on  which  vertical  sawing  was  required 
to  separate  and  fell  the  tree  in  more  than  one  stem 
portion  (fig.  4). 

Above  28  inches  in  diameter,  these  special  fell- 
ing problems  caused  much  variability  in  felling 
times,  and  generally  high  cos'  On  the  basis  of 
these  results,  four  out  of  five  such  trees  will  require 
from  10  to  45  minutes  in  felling  time,  with  an 
average  of  20  minutes  or  more.  Problem  trees 
above  28  inches  in  diameter  may  need  to  be  con- 
sidered as  a  separate  group  in  management  deci- 
sions. 


^The  most  suitable  tree  and  aost  variables 
will  depend  on  the  use  of  this  relationship. 
For  example,  Cotner  and  Jameson  (1959)  related 
bulldozing  and  burning  time  to  height  of  juni- 
per trees,  on  the  assumption  that  tree  height 
is  a  good  measure  for  the  use  of  ranch  opera- 
tors. On  the  other  hand,  a  relationship  of 
felling  time  to  stem  diameter  is  preferable  for 
use  where  inventory  data  on  diameters  are 
available,  or  where  stem  size  is  important,  as 
in  felling  large  trees  with  saws.  If  desired, 
d.b.h.  (d)  and  diameter  at  the  out  (D)  can  be 
interchanged  by  means  of  the  following  relation- 
ships computed  from  the  data  for  trees  15  to  60 
inches  d.b.  h. 

d  =   1.15  D  -    3.56 

D  =   3.09  +   0.87  d 
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mofit  than  om  plldt  Mltli  ^xt^a  sa(y(Ltij  coAc, 
loltldi   invotvdi   addttlonctl.  undz^aLLti   and 
iomct-uriei  v^fLticcit  cati   to  iepairtte  pcecc6. 


It  should  be  noted  that  no  trees  below  27  inches 
in  diameter  had  split  stems  that  required  felling 
in  more  than  one  piece. 

Felling  times  for  trees  without  special  problems 
are  plotted  over  diameter  in  figure  5.  The  regres- 
sion provides  a  practical  means  for  estimating  felling 
costs  per  acre  where  information  on  number  of  trees 
by  diameter  class  is  available.  For  trees  15  inches 
in  diameter,  for  example,  an  average  felling  time 
of  about  2.5  minutes  per  tree  can  be  expected, 
hor  each  additional  inch  in  diameter,  felling  time 
can  be  expected  to  increase  from  about  0.3  minute 
at    15    inches   up    to   about    1    minute   at  50  inches. 


Sawyer  Factors  and  Working  Conditions 

Working  conditions  and  sawyer  factors  also  need 
to  be  considered  for  ways  to  improve  efficiency, 
and  in  extending  results  to  other  situations. 

The  full  crew  consisted  of  five  sawyers  and  a 
foreman,  using  chain  saws  with  28-inch  bars.  Work- 
ing conditions  were  good.  No  problems  were  pre- 
sented by  such  factors  as  slope,  rockiness,  or  associ- 
ated vegetation.  Trees  tended  to  be  distributed 
in  groups,  but  spacing  was  such  that  safety  of 
nearby  workers  ordinarily  did  not  affect  felling  time. 

Sawyer  skill  and  experience  were  found  to  be 
especially  important.  Previous  experience  of  the 
sawyers  consisted  mainly  of  thinning  pine  stands, 
where  some  work  practices  such  as  maintaining  sow 
sharpness  are  likely  not  as  important.  Also,  larger 
trees  present  felling  problems  that  young  pine  stands 
do  not.  In  felling  the  larger  trees,  especially  undef 
the  conditions  illustrated  in  figures  3,  4,  and  6, 
sawyer  skill  must  be  proportionately  much  greater, 
and  sawyer  factors  are  more  important  than  with 
smaller  trees. 
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The  wide  variations  in  treeconditionsalso  require 
much  judgment  on  how  to  fell,  and  when  a  tree  is 
ready  to  fall.  Safety  measures  tend  to  increase 
felling  time,  especially  in  the  case  of  larger  trees 
with  little  lean  or  imbalance  (fig.  3),  or  split  and 
partly  dead  stems  that  require  felling  in  more  than 
one  piece  (fig.  4).  Frequent  low-hanging  limbs 
and  large  limbs  on  the  ground  are  hazardous  in 
that  they  obstruct  movements  (fig.  6).  Sawyer 
safety  should  be  carefully  considered,  therefore, 
in  prescribing  practices  for  felling  large  trees. 

Times  of  various  sawyer  practices  were  separated 
for  use  in  determining  ways  to  improve  felling 
efficiency.  Actual  stem  sawing  time  was  recorded 
on  49  trees,  along  with  notes  on  the  use  of  time 
not  applied  in  actual  cutting.  The  proportion  of 
felling  time  actually  spent  in  cutting  ranged  from 
15  to  100  percent,  and  averaged  69  percent.  This 
proportion  differed  among  sawyers. 

Time  not  involved  in  actual  cutting  of  stems 
was  used  in  pre-limbing,  servicing  and  adjusting 
saws,    moving    debris,    and    making    judgments   on 


'^A  more  detailed  analysis  of  sawyer  prac- 
tices is  being  published  along  with  other  data, 
in  a  separate  report  by  the  USDA  Agricultural 
Research  Service. 


how  to  fell.  More  than  half  of  the  trees  required 
limbing;  limbing  time  comprised  8  percent  of  total 
felling  time  for  those  trees. 

Analysis  of  time  breakdowns,  and  the  felling 
problems  discussed  above,  indicates  the  possibilities 
are  good  for  reducing  felling  time  substantially 
through  improved  felling  methods  adapted  to  the 
trees,  changes  in  treatment  prescription,  and  sawyer 
training. 


Cost  Implications  of  Some 
Alternative  Practices 

Felling  costs  can  be  reduced  or  avoided  through 
alternative  practices.  For  example,  all  trees  with 
the  felling  difficulties  noted  above  could  be  left 
uncut,  or  treated  by  an  alternative  method.  It  was 
previously  reported  that  felling  large  trees  (trees 
larger  than  about  9  inches  stem  diameter  at  the 
cut)  required  about  2.5  man-hours  per  acre,  at  a 
cost   of   $9.29   per   acre.  ^      On   that   basis,  if  trees 

^Miller,  Robert  L.  Clearing  an  alligator 
juniper  watershed  with  saws  and  chemicals:  a 
cost  analysis.  1970.  (In  preparation  for  pub- 
lication. Rocky  Mt.  Forest  and  Range  Exp.  Sta. , 
U.  S.  Dep.  Agr.,  Forest  Serv.,  Fort  Collins, 
Colo. ) 
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with  the  particular  felling  difficulties  described  were 
left  uncut  (less  than  one  tree  per  acre),  the  job 
cost  would  have  been  reduced  by  about  0.47  man- 
hour  per  acre,  a  reduction  of  19  percent,  or  $1.75 
per   acre. 

As  another  example,  50  percent  of  the 
total  felling  time  recorded  was  used  in  felling  trees 
of  37.0  inches  d.b.h.  or  larger  (a  total  of  33  trees). 
Sawyers  used  15.5  hours  to  limb  and  fell  these 
trees.  To  leave  uncut  all  trees  larger  than  37.0 
inches  would  have  reduced  the  total  large-tree  job 
cost  by  about  1  6  percent,  or  $1 .51  per  acre. 


A  particular  treatment  feature  that  increased 
costs  was  the  requirement  for  a  stump  height  of 
not  more  than  6  inches  where  practicable,  primarily 
for  esthetic  reasons.  However,  practicable  height 
usually  turned  out  to  be  about  1  foot  on  the  larger 
trees.  In  some  cases,  a  second  cut  was  made  to 
reduce  stump  height.  This  requirement  could  easily 
be  relaxed,  especially  in  more  remote  areas. 

Burning  of  some  standing  trees  could  reduce 
costs  substantially.  Some  trees  could  be  burned 
easily  at  little  additional  cost  since  some  brush 
was   piled,    and  piles  could  be  placed  around  trees 
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to  be  burned.  Although  burning  has  been  objected 
to  on  esthetic  grounds,  because  of  the  dead  trees 
left  standing,  it  is  possible  that  some  partly  dead 
and  deteriorated  trees  could  be  almost  completely 
burned. 

A  treatment  could  be  designed  to  leave  dead 
trees  standing  in  areas  not  often  observed  by  recre- 
ationists.  if  groups  of  live  trees  are  left  for  esthetic, 
v\/ildlife,  and  livestock  shade  benefits,  other  standing 
dead  trees  may  be  less  conspicuous. 

As  a  further  consideration,  individual  old  trees 
with  sparse,  partly  dead  crowns  may  not  have  an 
important  effect  on  either  water  yields  or  on  forage 
production,  and  easily  could  be  left  standing. 


Some  Applications  to  Juniper  Harvesting 

Large  junipers  are  not  marketable  on  the  stump 
in  any  appreciable  volume  at  present.  Yet,  com- 
mercial firewood  operators  removed  allfelled  juniper 
stems  of  6  inches  or  larger  from  the  study  area. 
This  use  of  the  felled  trees  indicates  the  importance 
of  felling  costs  in  restricting  development  of  uses 
and  markets  for  juniper. 

In  considering  juniper  harvesting  operations, 
results  from  this  study  can  be  used  in  determining 
costs  and  in  identifying  trees  that  are  too  costly 
to  fell  and  use.  Many  high-cost  trees— those  with 
partly  dead  and  deteriorated  stemsand  lowforking— 
would  not  likely  be  usable  for  products  other  than 
firewood. 


Where  fiber  volume  is  the  main  consideration, 
it  is  probable  that  trees  with  high  felling  costs  can 
be  eliminated  from  harvest  without  much  sacrifice 
in  total  product  volume  per  acre.  For  example, 
inventory  estimates  for  alligator  juniper  on  Beaver 
Creek  indicate  that  trees  larger  than  37.0  inches 
d.b.h.  make  up  only  11.3  cubic  feet  per  acre,  or 
8  percent  of  the  total  volume. 

Available  juniper  volume  tables  can  be  used 
with  the  results  of  this  study  to  estimate  felling 
costs  per  unit  volume  for  juniper  trees  of  different 
diameters.  Estimates  for  the  Beaver  Creek  area, 
based  on  figure  5  and  a  local  volume  table,  are 
presented  in  figure  7.  Felling  cost  per  unit  volume 
decreases  at  first,  then  increases  as  diameters  be- 
come larger  (fig.  7).  Thus  there  may  be  two  mar- 
ginal stem  sizes  in  a  given  operation.  Marginal 
trees  for  given  operations  and  markets  can  be  iden- 
tified by  using  these  data  along  with  information 
on  pay   rotes,   harvesting  costs,  and  product  values. 


Summary  and  Conclusions 

Costs,  in  terms  of  felling  time,  were  affected 
by  extreme  variability  in  tree  characteristics.  Par- 
ticular characteristics  found  to  increase  felling  time 
were:  (1)  no  appreciable  lean  or  imbalance;  (2) 
low-forked  trees   on   which  a  second  cut  was  made 


"^See  footnote   3^   page   1. 
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to  reduce  stump  height  to  meet  a  treatment  require- 
ment; and  (3)  deteriorated  and  split  stems  which 
required  vertical  cuts  to  fell  in  more  than  one  piece. 

A  regression  was  developed  that  related  felling 
time  to  stem  diameter  for  trees  without  the  above 
problem  conditions.  Times  estimated  by  the  regres- 
sion range  from  about  2.5  minutes  for  trees  15 
inches    in    diameter    to    23    minutes   at   50   inches. 

Sawyer  skill  and  safety  are  important  in  felling 
very  large  trees  and  trees  with  problem  charac- 
teristics. No  problems  were  experienced  in  other 
working  and  ground  conditions.  Overall  treatment 
costs  can  be  reduced  without  much  adverse  effect 
by  burning,  bulldozing,  or  leaving  the  high-cost 
trees  untreated. 

Results  provide  a  basis  for  estimating  juniper 
harvesting  costs.  Afunctional  relationship  between 
stem  diameter  and  felling  time  per  unit  volume 
was  established.     With  other  available  information, 


this  relationship  can  be  used  to  identify  marginal 
trees  for  a  given  stand,  and  to  estimate  minimum 
market  values   needed   for   a   profitable   operation. 
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As  our  Nation  grows,  people  expect  and  need  more  from  their 
forests— more  wood;  more  water,  fish  and  wildlife;  more  recreation 
and  natural  beauty;  more  special  forest  products  and  forage.  The 
Forest  Service  of  the  U.  S.  Department  of  Agriculture  helps  to 
fulfill  these  expectations  and  needs  through  three  major  activities: 

•  Conducting  forest  and  range  research  at  over  lb  locations 
ranging  from  Puerto  Rico  to  Alaska  to  Hawaii. 

•  Participating  with  all  State  forestry  agencies  in  cooperative 
programs  to  protect,  improve,  and  wisely  use  our  Country's 
395    million   acres  of  State,   local,  and  private  forest  lands. 

•  Managing  and  protecting  the  187-million  acre  National 
Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the  new 
knowledge  that  research  scientists  develop;  by  setting  an  example 
in  managing,  under  sustained  yield,  the  National  Forests  and 
Grasslands  for  multiple  use  purposes;  and  by  cooperating  with  all 
States  and  with  private  citizens  in  their  efforts  to  achieve  better 
management,  protection,  and  use  of  forest  resources. 

Traditionally,  Forest  Service  people  have  been  active  members 
of  the  communities  and  towns  in  which  they  live  and  work.  They 
strive  to  secure  for  all,  continuous  benefits  from  the  Country's 
forest  resources. 

For  more  than  60  years,  the  Forest  Service  has  been  serving 
the    Nation    as    a    leading    natural    resource   conservation    agency. 
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FOREWORD 

This  paper   describes   and    illustrates   a  method  for  evaluating 

product  potential  in  standing  timber.  The  method  will 

.  .  .  minimize  observer  bias  in  stand  quality  inventory; 

.  .  .  provide  a    record   of   the   occurrence  of  stem  features  that 
affect  product  quality  and  yield; 

.  .  .  describe    suitability    of    the    standing    timber   for   a   broad 
range  of  primary  products; 

.  .  .  provide    primary    product    quality    and    yield    estimates   for 
management  and  utilization  decisions; 

.  .  .  provide  a  continuing  basis  for  such  decisions. 


ABSTRACT 

The  timber  quality  inventory  described  recog- 
nizes and  measures  the  basic  stem  characteristics 
and  defect  features  that  influence  quantity  and 
quality  for  most  primary  products.  Stem  features 
measured  on  sample  trees  include  form  defects, 
scar  defects,  and  knot  or  limb  characteristics.  Timber 
inventory  data  obtained  are  used  in  conjunction 
with  standard  methods  of  estimating  volume,  scaling, 
and  grading  to  estimate: 

(1)  Gross   volume   suitable   for   a   primary   product; 

(2)  Probable  volume  reduction  due  to  visual  scaling 
defects,  and  remaining  net  volume  suited  to  the 
product; 

(3)  Quality  of  the  timber  in  terms  of  existing  grad- 
ing or  quality  classification  systems. 


''        USDA  Forest  Service  1970 

Research  Paper  RM-57 


Evaluating  Product  Potential    in  Standing  Timber^ 

by 

Roland  L.  Barger,  Principal  Wood  Technologist 

and 
Peter  F.  Ffolliott,  Associate  Sil viculturist 
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^This  paper  supersedes  U.  S.  Forest  Service  Research  Paper  RM-15, 
"A  method  of  evaluating  multiproduct  potential  in  standing  timber," 
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Evaluating  Product  Potential  in  Standing  Timber 


Roland  L.    Barger  and  Peter  F.    Ffolliott 


Accent  on  Quality 

Patterns  of  forest  utilization  ore  changing,  with 
added  emphasis  on  new  products,  new  conversion 
methods,  and  broader  product  diversification.  In- 
dustry trends  are  tovvard  utilization  complexes 
capable  of  producing  a  range  of  products.  These 
changes  call  for  improved  methods  of  evaluating 
timber    quality.  Estimating    product    potential    in 

standing  timber  is  particularly  complicated  by  the 
array  of  products  that  rnay  warrant  consideration. 
Inventory  methods  are  needed  that  permit  evalu- 
ating suitability  for  all  primary  products  of  interest. 
Ideally,  such  methods  should  estimate  both  quan- 
tity   and    quality    of   timber    suited  to  each  product. 

An  inventory  of  timber  quality  should  identify 
and  measure  in  standing  timber  the  fundamental 
stem  characteristics  related  to  quality  and  yield. 
Inventory  information  may  then  be  interpreted  in 
terms  of  any  existing  or  proposed  grading  or  quality 
classification  system  to  estimate  suitability  of  the 
stand  for  primary  products  of  interest. 

To  be  most  effective,  quality  inventory  methods 
should  avoid  applying  single-product  grading  systems 
directly  to  standing  timber.  Stem  quality  described 
in  terms  of  a  single  set  of  fixed  grades  is  entirely 
inadequate  for  multiproduct  evaluation.  In  addition, 
conventional  grading  systems  are  subject  tofrequent 

^Timber  quality,  as  used  here,  refers  to 
degree  of  suitability  for  one  or  more  primary 
products . 


I 


T-LQuAQ.   ] . - -IAoXjjJiz  6tand6   0()  pondeAo6a 
pirn  tlmbzA  (Vie,  MzJUi  iiUtzd  to  a 
ioide.  voAlety  o{j  pfioducti.     Jmpn.ovtd 
moXhodi,  0^  zvahmaJU-nQ  tunboji  quoLity 
oAz  nzaddd  to  gotde  cho-icu   hztwudn 
aJU-QAnativz  pA.oducti . 


revision,  refinement,  and  regional  modification.  Basic 
quality  information  can  be  independent  of  specific 
grading  systems,  yet  adaptable  to  any  grading  system 
or  set  of  quality  criteria  in  use.  Changes  in  quality 
requirements  or  grading  specifications  for  a  product 
then  require  only  a  rgevaluation  of  the  basic  stem 
quality  data  originally  inventoried. 

The  detail  incorporated  in  an  inventory  system 
must  necessarily  be  a  compromise  between  infor- 
mation desired  and  time  and  effort  required  to  get 
it.  A  workable  inventory  system  cannot  be  en- 
cumbered with  so  much  detail  that  it  becomes  too 
difficult  and  time  consuming  to  apply  on  the  ground. 
Consequently,  an  inventory  of  timber  quality  must 
record  major  stem  characteristics  that  affect  quality 
or  yield,  under  relatively  broad  classifications  of 
severity  of  defects. 

The  purpose  of  this  Paper  is  to  describe  a 
method  of  inventorying  quality  in  standing  timber, 
and  using  the  resulting  quality  data  to  estimate 
potential  for  a  variety  of  primary  products.  The 
system  has  been  developed  in  southwestern  pon- 
derosa  pine  (Pinus  ponderosa  Laws.)  stands,  for 
the  range  of  primary  products  for  which  ponderosa 
pine  is  potentially  suited  (fig.  1).  The  basic  method- 
ology can  be  applied  with  little  difficulty  to  other 
areas  and  other  species. 

Design  of  the  System 

Quality  for  most  primary  products  is  largely 
determined  by  the  same  few  stem  features— stem 
form  defects,  scar  defects,  and  presence  of  knots 
or  limbs.  Stem  form  and  scar  defects  are  also  the 
major  visual  scaling  defects  in  log  products.  Design 
of  the  inventory  system  requires  that  such  defects 
be  classified  or  measured  by  field  crews,  along 
with  more  conventional  information  such  as  species 
and  size.  Estimates  of  quality  and  quantity  of 
timber  suitable  tor  any  or  all  primary  products  of 
interest  are  subsequently  determined  by  office  or 
automatic  data  processing  (ADP)  procedures. 
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In  developing    the  methods  used,  major  design  (3)    To  strike  a  reasonablecompromise  between  infor- 

coasiderations  were:  motion  desired  and  time  and  effort  required  to 

conduct  the  inventory. 

(1)  To  recognize  or  measure  basic  stem  characteris- 
tics and  defects  that  are  common  grading  and/or  Quality-related  Stem  Characteristics 
scaling  criteria  for  most  primary  products; 

(2)  To  minimize  quality  evaluations  by  inventory  The  inventory  system  relies  upon  observation 
crews  (that  is,  minimize  observer  bias)  by  avoid-  or  measurement  of  the  following  visual  stem  charac- 
ing  field  use  of  conventional  tree  or  log  grading  teristics,  all  directly  related  to  timber  suitability, 
systems;  grade,  or  volume  for  one  or  more  primary  products: 


Tree  stem  characteristic  Implications   for  use,  quality,  quantity  Inventory  data  needed 

Species  Indicates   range  of  primary  products   for  which  Species 

stem  may  be  considered. 

Age  class  or  form  class         Basic  indicator  of  merchantability  for  some  Class  such  as 

products  such  as  commercial   poles.     May  contri-  "blackjack" 

bute  to  volume  estimation. 

Size  Basic  indicator  of  merchantability  for  all  D.b.h.,  height 

primary  products.      Determines  gross   volume 
for  all   primary  products. 

Sweep  Limits   use  for  products   requiring  straight  stem.         Severity 

Scaling  defect  in   log  products. 

Crook  Lirnits   use   for  products    requiring  straight  stem.  Severity  and 

Scaling  defect  in   log  products.  location 

Fork  Inadmissible  in  all   primary  products.     Associated       Location 

crotch  and  distorted  grain  a  scaling  defect  in 
log  products. 

Lean  Indicator  of  possible  reaction  wood,   limiting  Severity 

use  for  some  products. 

Fire  or  basal   scar  Limits   use  of  portion  of  stem.     Scaling  and  Extent 

grading   defect  in   log  products. 

Lightning  scar  Limits   use  for  some  products.     Scaling  and  Extent 

grading  defect  in   log  products. 

Knots  or  limbs  Use   for  some  products   limited  by  knot  size.  Occurrence    (number. 

Primary  grading  criteria  for  all    log  products.  tyoe,  size); 

distribution 


The  stem  characteristics  included  are  those  most  Sampling  Design 
indicative  of  product  potential  for  the  range  of  pri- 
mary products   obtained   from   ponderosj  pine  and  The    inventory    system    is    concerned    primarily 

associated  softwood  species.   Observed  stem  quality  with    how    to    observe,    record,    and    interpret    the 

characteristics    may    be    revised   for   application   to  characteristics  and  defects  of  individual  sample  trees, 

other    species    with    significantly    different    product  Sampling  techniques  are  not  of  direct  concern.    Any 

possibilities.  valid  sampling  system  that  meets  timber  inventory 
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sampling  objectives  can  be  used  as  the  "vehicle" 
for  the  quality  inventory  system.  Reliability  of 
estimates  drawn  from  inventory  data  will  depend, 
however,    upon    sampling    procedure    and  intensity. 

Recording  Inventory  Data 

Stem  quality  information  is  obtained  from  each 
sample  tree  designated  by  the  sampling  scheme 
used.  Quality  inventory  has  generally  been  limited 
to  trees  large  enough  to  produce  pole  or  log 
products.  Quality  information  for  smaller  trees  may 
be  useful,  however,  in  indicating  probable  suita- 
bility of  the  future  timber  crop  for  specific  primary 
products. 

Inventory  information  may  be  recorded  on  field 
data  cards  or  sheets  (fig.  2),  or  may  be  punched 
on  coded  Port-a-punch"*  data  cards.  Both  methods 
hove   been    used    without    difficulty. 

^Trade  names  and  company  names  ave  used 
for  the  benefit  of  the  reader,  and  do  not  imply 
endorsement  or  preferential  treatment  by  the 
U.   S.    Department  of  Agriculture. 


The    specific     measurements    or    classifications 
used  in  recording  field  information  include: 


Stem  How 

characteristics     determined 


Species 

Age  class  or 
form  class 


Size 


Classification 

Observation  Species 

Observation  Class:  (for  pon- 

derosa  pine,  coded 
under  species  as 
YP--yel low  pine, 
BJ--bladkjack) . 

Measurement     D.b.h.    in  inches. 

Total   height  in 
feet  or  in  logs 
(sample  as   re- 
qui  red  for  volume 
determination) . 

Pole  height  (where 
appl icable)   as 
maximum  5-foot 
height  class. 
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Stem  characteristics: 
Sweep   (fig.    3) 

How  determined: 
Estimation 


a  g^aducU.  btnd  In  tim 
mtKckantcibJiii  itam,    cili^zcJ:^ 
iiuXcLb-ititij  and  yitld  ^ofi 
manij  end  ai  u  . 


CI assifi cation: 

Class   1   (Minor)--Deviation  of  merchantable 
stem,   in   inches,   less   than  tree  d.b.h. 

Class  2   (Major)--Devi ation  of  merchantable 
stem,   in   inches,  equal    to  or  greater  than 
tree  d.b.h. 

Note:     Sweep  judged  to  be   less   than   1/3 
tree  d.b.h.   is  not  considered  a 
defect,   and  is   ignored. 


r 


Stem  characteristics: 
Crook    (fig.    4) 

How  determined: 

Estimation  and  measurement  of  location 

Classi  fication: 

Class   1   (i'linor)--Deviation  of  stem  in   inches, 
less   than   1/2  diameter  of  stem  at  crook. 

Class  2   (Major)--Deviation  of  stem,   in   inches, 
equal   to  or  greater  than   1/2  diameter  of  stem 
at  crook. 

Location:   Half-log   (8-foot  section)  height 
in  tree. 

fig uAe  4.--CH.ook,   an  abnupt 
btnd  -in  tliz  rmKckantable 
6 tern,   ^  a  common  gfiading 
and  6  eating  dtidcX. 
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stem  characteristics: 
Fork   (fig.   5) 

How  determined: 

Measurement  of  location 

CI assi  fication: 

Location:      Malf-log    (8-foot  section] 
height  in   tree. 


F-lguJi^  5.--A   {jOKk,    Oh.  dlvlilon  o^  thz  mthdiantabte. 
it&n,   a(i{jecti  both  ijleXd  and  QKadz. 
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stem  characteristics: 
Lean   (fig.   6) 

How  determined: 

Measurement,   using  plumb- 
bob  device   (fig.    7) 

Classifi  cation: 

Class:     5-degree  classes. 


dtveJiop  compfiejih-ion  wood,   a 
tlmitlng  dz^zcX  {)0K  many  Q,nd  oiei 


F-cguAe   7.--A  plumb-bob  dtvi.ct 
can  be  uMzd  to  doXoAmlm 
de.gH.tc  0^  iitcm  tcan. 
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stem  characteristics: 

Fire  or  basal   scar  (fig.   8) 

How  determined: 
Estimation 

Classification: 

Class   1   (Minor)--Contained  in  one  stem 
face   (1/4  circumference). 

Class  2   (Major)--Extends   to  two  or  more 
stem  faces. 


F-lguJie,  S.-- 

F-tAe  iccou  may  a(,{iCcX 
om  OH.  maftd  (^a.cu> 
oi  the.  meJLchantable 
i>t<m,   bat  i,2.Zdom 
nxtdnd  ^oA  up  the.  itzm. 


Fa^qua^  9.--Mant/  tiglitnlng  itAikeyS   cav^e.  onty 
6 apeJi{^-icyicLt  phyilcat  dajmoQd  to  the,  mzfickant- 
abZe  stam.     depending  upon  th.2.  objzctive^i 
o{j  thz  ■LnvQ.yiton.y ,   tkii   tijpz  Oj$  hcoA  mag  be 
A^gnon.(id,   on.  may  be  fidcondtd  6(ipanat<iZy. 


Stem  characteristics: 

Lightning  scar     (figs.   9,   10) 

How  determined: 
Estimation 

CI assi  fi cation: 

Class   1   (Minor)--Essentiany  straight; 
contained  in  one  stem  face. 

Class  2   (Major)--Spi ral ;  extends   to  two 
or  more  stem  faces. 


TlgvJiz   /0.--SeueA.e  tlgktyilyig  itcofu,  and 
iUiocZattd  iiAQ.  damage  may  woAAant 
zxt<ini>i\Jt  gfiadd  and  yAzld  mductlom. 
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stem  characteristics: 
Knots     (figs.    11,    12) 

Hov;  determined: 

Count  observation,   and  estimation 

Classi  fication: 

For  each   face  of  first  three  merchantable 
half-logs   (8-foot  stem  sections  between 
stump  and  24  feet): 

Number  of  knots   in   face. 

Size  of  largest  live  knot  or  limb  to 

nearest  inch, 
Size  of  largest  dead  knot  or  limb  to 
nearest  inch. 

For  fourth  merchantable  half-log   (24  to 
32  feet): 

Occurrence  of  clear  half-log   (8-foot) 

faces. 


cguAc   n  .--PoO''i  planing  dicL'uxcXe'U^tici, 
in  op^n-g^o^^)n  itandi   can  ieue-ie-C^/ 
limit  pioduct  pottntiat.     Knati   d 
tlmbi,  ciAe  t/ie  moit  vnpo^tant  -iinglz 
quatity  indlcato'i  {^OK.  manij  pfibiKUiij 
P'Xodacti . 


FiguAz  '\2.-'CtzaA  tog   (Jac^i  indiccutt  ialtabilitij 
and  Itigk  quoLLty  ^oh.  mo6t  p'limaAy  p/ioduc-ti . 
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Knot  features  are  the  most  difficult  to  observe 
and  record  in  some  meaningful  manner,  and  at 
thie  same  time  are  the  most  important  quality  indi- 
cator for  many  primary  products.  The  system  of 
knot  count  and  size  estimation  by  8-foot  stem 
section  and  log  face  was  developed  through  trial 
and  error.  More  detailed  information  for  lower 
logs  would  require  excessive  inventory  time,  and 
knot  information  of  any  kind  above  32  feet  is  not 
generally  warranted  by  the  grade  potential  of  upper 


logs.  Field  crew  training  exercises  have  indicated 
that  knot  information  observed  and  recorded  as 
outlined  is  relatively  consistent  or  reproducible 
among  crews. 

Field  crews  can  use  telescoping  or  jointed  fishing 
rods,  marked  at  stump  height  and  at  8- and  16-foot 
levels  above  the  stump,  for  locating  8-foot  stem 
sections.  The  rod  also  serves  as  a  reference  point 
from  which  to  estimate  the  four  faces  or  panels 
of  each  8-foot  stem  section. 

The  stem  quality  features  observed  are  those 
believed  most  indicative  of  suitability  and  yield 
for  a  wide  range  of  products.  When  other  features 
are  considered  important  in  determining  quality 
for  particular  uses,  they  may  be  added  to  the  inven- 
tory. For  example,  density  or  specific  gravity  is  a 
desirable  index  to  suitability  for  some  uses.  Where 
it  is  of  prime  interest,  increment  cores  can  be  taken 
from  selected  sample  trees  (fig.  13)  and  specific 
gravity  determinations  made.  Increment  cores  or 
other  visual  indicators  may  be  used  to  estimate 
occurrence  of  internal  rot. 


Interpreting  Inventory  Dote 

The  timber  inventory  data  obtained  provide  a 
means  of  readily  estimating  stand  potential  for  a 
wide  variety  of  primary  products.  The  data  are 
used  in  conjunction  with  standard  methodsof  volume 
estimation,  scaling,  and  grading  to  estimate: 

(1)  Gross   volume    suitable    for    a    primary    product; 

(2)  Probable  volume  reduction  due  to  visual  scaling 
defects,  and  remaining  net  volume  suited  to  the 
product; 

(3)  Quality  of  the  timber  in  terms  of  existing 
grading  or  quality  classification  systems. 

Figure  14  illustrates  the  manner  in  which  inventory 
data  are  combined  with  existing  methods  of  estimat- 
ing volume  and  grade. 


figuAt  1 3.--lJJke,xa.  wood  quatlty  on.  inteAnal. 
de,{^^cJ:  ,iji  o{^  paAticaZan.  intsAint,  incmmtiit 
cdei   can  be  take^n  ^fiom  ioXo-Ctud  -ioinp^e 
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F-iguAt  14.--Jnvtnto^  data  {^OK.  hoinptz  tAzu   oAO.  oicd  in  combination  niith  -iitanda-td  p-locedu/le.i 
eJitimattng  \jotwi\t,  icaLing,   and  gxadiyig  to  zvatua-tt  pfimaAy  pKoducX  pottnticUi. 
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Inventory  data  can  be  analyzed  by  hand  or  by 
computer  procedures.  Since  the  quality  of  the 
sample  trees  must  be  evaluated  individually,  machine 
data  processing  methods  offer  considerable  advan- 
tage. Initial  data  preparation  depends  upon  which 
method  is  to  be  used.  For  computer  analysis,  all 
inventory  data  for  each  tree  are  punched  on  data 
cards.  All  inventory  information  described  can  be 
placed  on  one  card  per  tree  (fig.  15).  Subsequent 
analysis  for  each  product  can  be  programed.^  If 
hand  analysis  is  used,  the  procedure  can  be  facili- 
tated by  first  aggregating  inventory  data  into  a 
series  of  stand  tables  showing  number  of  trees  per 
acre  and  frequency  of  occurrence  of  each  type  of 
stem  defect,  by  tree  diameter  classes. 

^A  aomputer  program  developed  to  analyze 
product  potential,  using  the  described  timber 
inventory  data,  has  been  prepared  by  Jack  D. 
Heidt  and  Donald  A.  Jameson  in  "Determining 
timber  conversion  alternatives  through  computer 
programing,"  unpublished  manuscript.  Rocky  Mt. 
Forest  and  Range  Exp.    Sta. ,    Flagstaff,   Ariz. 


Estimating  Gross  Volume 

Gross  volume  for  most  primary  products  is  the 
total  volume  contained  in  trees  of  acceptable  size 
and  form.  Gross  volume  for  each  product  of 
interest  is  obtained  by  applying  standard  or  local- 
ized volume  tables  to  the  tree  stand  table  devel- 
oped from  inventory  data.  Size  limitations  for  a 
product  will  initially  determine  the  timber  to  be 
included  in  gross  volume.  Stem  size  limitations 
used  in  estimating  gross  product  volumes  in  pon- 
derosa  pine  timber  are  indicated  in  table  1.  Other 
stem  characteristics  may  also  occasionally  be  used  to 
define  gross  product  potential;  commercial  pole 
potential,  for  instance,  may  include  only  stems  of  a 
particular  form  or  age  class  in  addition  to  size  limits. 


Estimating  Net  Volume 

Net    volume    for    each   product   is   obtained   by 
estimating  reductions  in  usoblemateriol  due  to  visual 
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F-tguAe   IS. --To    '^acitLioutd  comptUM.  anatiji,Aj>   o^  InvtntoKij  data,    alt  ini^oKmaJiLon  (^oi  ont  ^cunpto.  ti<it 
can  be  punchQ.d  on  a  single  data  coAd  wiXh  the  (^ofmat  llZu^Vtated. 


Table   l.--Stem  characteristics  used  in  estimating  suitability,  volume,  and  grade  for  primary  products   in  ponderosa  pine 


Primary 
product 


Stem  size 
limitations 


Visual    defects   limiting  use  or 
reducing  usable  volume    (scale)' 


Visual 
grading  criteria 


Nominal 
product  unit 


Saw  logs 


Veneer  logs 


Stud  logs 


Commercial  poles 


Pulpwood 


Tree  d.b.h.  ,    11.0  inches 
and  over 


Log  scaling  diameter, 
10.0   inches   and  over^ 


Log  scaling  diameter, 
6.0  to   16.9   inches^ 


Tree  d.b.h. , 

9.0  to  20.9   inches 


No  limit  in   initial 
evaluation 


Sweep,   crook,    fork,   fire  and 
basal   scar,   lightning  scar 


Crook,    fork,   fire  and  basal 
scar,   lightning  scar 


Crook,   fork,   fire  and  basal 
scar,    lightning  scar 


Sweep,   crook,    fork,    lean,    fire 
and  basal   scar,   lightning  scar, 
oversized  knots 

Crook    (in  groundwood),   fire 
scar,   lightning  scar 


(First  32  feet) 
Knot  number  and 
distribution; 
scar  defects 

(First  24  feet) 
Dead  knot  size; 
live  knot  size 

(First  24  feet) 
Knot  number; 
dead  knot  size; 
live  knot  size 

Merchantable 
pole  height; 
tree  d.b.h. 

None 


Board  feet, 
16-foot  logs 


Board  feet, 
8-foot  logs 


Board  feet, 
8- foot  logs 


Piece  count, 
5-foot  height 
classes 

Cubic  volume 


'Includes   defects   that  either  prohibit  use  of  the  stem  or  stem  section   for  the  product,   or  reduce  merchantable  volume 
for  the  product. 

^Limits  stem  sections  evaluated  for  veneer  to   first  section  in  trees   in   12-inch  diameter  class;   first  and  second  sec- 
tions  in    14-inch  class   trees;   three  sections   in  all    trees   larger. 

^Limits   stem  sections  evaluated  for  studs   to  three  sections   in  trees   in    18-inch  and  smaller  diameter  classes;   second 
and  third  sections   in  20-inch  class   trees;   third  section  in  22-inch  class   trees;  none   in   larger  trees. 


stem  defects.  Defects  considered  to  affect  suitability 
or  volume  for  primary  products  in  ponderosa  pine 
are  shown  in  table  I.  Depending  upon  the  primary 
product  being  evaluated,  recorded  stem  defects  may 
prohibit  use  for  the  product  altogether,  or  may 
reduce  usable  volume  for  the  product.    For  example, 


major  crook  will  prohibit  use  of  a  stem  for  a  pole, 
but  will  only  reduce  usable  volume  or  scale  in  a 
saw  log. .  Fot  those  defects  judged  to  prohibit 
use  for  the  product,  gross  volume  (or  count)  is 
reduced  by  the  volume  (or  count)  contained  in  trees 
or    tree    sections    with    the    defect.       Examples    are 
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removal  of  trees  with  recorded  sweep  from  gross 
stem  count  for  pole  potential,  and  removal  of  8-foot 
stem  sections  with  major  crook  from  gross  volume 
for  veneer  logs. 

For  defects  judged  to  reduce  usable  volume  for 
a  product  (scaling  defects),  overage  scaling  deduc- 
tions are  applied  to  gross  volume.  Average  scaling 
deductions  for  each  type  of  defect  may  be  estimated 
by  referring  to  standard  scaling  procedures  and 
methods  (Grosenbaugh  1952,  U.  S.  Forest  Service 
1964).  As  an  example,  average  deductions  used  in 
evaluating  product  potential  in  ponderosa  pine 
included: 


Visual 
scaling  defect 

Sweep 

(1)  Minor 

(2)  Major 


Crook 

(Minor  and  major) 


Fork 


Fi  re  or  basal   scar 

(1)  Minor 

(2)  Major 


Lightning  scar 
(1)  Minor 


(2)  Major 


Scale 
deduction  applied 


None   (largely  removed  in 
bucking) . 

Deduct  20  percent  of 
merchantable  volume  in 
entire  stem. 


Deduct  volume  equivalent 
to  4  feet  of  length  of 
log  in  which   it  occurs 
(25  percent  of   16-foot 
log). 

Deduct  volume  equivalent 
to  4  feet  of  length  of 
log  in  which   it  occurs 
(25  percent  of   16-foot 
log). 


None   (contained  outside 
right  scaling  cylinder). 

Deduct  volume  equivalent 
to  2   feet  of  length  of 
butt  log   (12-1/2  percent 
of  16-foot  log). 


Deduct  25  percent  of 

volume  in  entire  stem. 

Deduct  50  percent  of 

volume  in  entire  stem. 


Computer  techniques  will  include  the  capability 
to  scan  defect  data  by  individual  tree  and  stem 
section,  and  moke  specified  corrections  to  gross 
volume  for  each  product.  If  calculations  are  being 
performed  by  hand,  however,  it  is  most  convenient 
to    start    with   stand   tables   showing   gross   product 


volume  by  log  position  and  tree  diameter  class. 
Scaling  deductions  can  then  be  applied  by  log  posi- 
tion (where  applicable)  and  tree  diameter  class. 
For  a  particular  scalable  defect  and  tree  diameter 
class  or  log  position,  corrections  to  gross  volume 
may  be  calculated  as: 

Percent  Percent  Percent 

occurrence     X       scaling         =       correction  to 
of  defect  deduction  gross   volume 

Diameter  class  information  can  then  be  combined 
to  show  total  deductions  by  defect  type,  and  total 
net  volume  for  the  primary  product  being  con- 
sidered. 

Estimating  Grade  or  Quality  Class 

Quality  or  grade  of  the  net  volume  of  material 
acceptable  for  each  primary  product  is  also  impor- 
tant. Choices  between  alternative  products  will 
frequently  be  based  upon  the  apparent  grade  of 
the  timber  for  each  potential  product.  For  some 
primary  products  such  as  poles,  quality  may  be 
adequately  expressed  by  height  and  diameter  class. 
For  others  such  as  saw  logs  and  veneer  logs,  an 
estimate  of  log  grade  distribution  is  needed.  Grade 
or  quality  class  is  estimated  by  interpreting  re- 
corded stem  quality  information  in  terms  of  exist- 
ing grading  systems.  The  precision  with  which 
grades  or  quality  classes  can  be  estimated  depends 
largely  upon  the  nature  of  the  grading  system  being 
used.  More  complicated  grading  systems  will  ob- 
viously require  more  extensive  interpretations  of 
the  data. 

Quality  evaluation  can  be  accomplished  either 
by  programed  computer  procedures  or  by  hand. 
In  either  case,  each  sample  tree  must  be  evaluated 
individually.  Hand  evaluations  can  be  madedirectly 
from    field   data   cards   similar   to   that   in   figure  2. 

Grading  systems  for  conversion  products  such  as 
saw  logs  and  veneer  logs  necessarily  include  only 
visible  stem  characteristics  as  grading  criteria.  Most 
are  based  primarily  on  size,  number,  and  distri- 
bution of  log  knots.  Consequently,  the  grade  of 
a  log  can  be  estimated  by  comparing  recorded 
stem  defect  data  with  grade  specifications.  Depend- 
ing upon  the  grading  system  used,  ttiis  may  involve 
scanning  knot  data  only,  or  may  require  additional 
consideration  of  scars  and  stem  form  defects. 


Using  Inventory  Data  —  An  Example 

Methods  and  procedures  for  interpreting  inven- 
tory data   hove  thus  far  been  discussed  in  general 
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terms.  They  can  best  be  clarified  and  illustrated 
in  an  example.  The  following  analysis  is  an  actual 
application  of  the  inventory  system  in  estimating 
the  product  potential  of  a  timber  stand. 

The  Area  and  Tinnber 

The  example  area  is  a  430-acre  watershed  in 
cutover  ponderosa  pine.  Timber  was  last  logged 
from  the  area  20  years  ago,  leaving  approximately 
half  of  the  merchantable  volume  in  the  residual 
stand.  The  current  stand  includes  approximately 
85  percent  ponderosa  pine  and  15  percent  associ- 
ated woodland  species.  Pine  timber  was  inven- 
toried on  the  area,  by  means  of  the  quality  inven- 
tory methods  described,  with  a  sample  design  of 
200  point  samples  systematically  located  along  mul- 
tiple random  starts. 

Basic  inventory  data  for  the  stand  were  aggre- 
gated into  stand  tables  in  preparation  for  hand 
analysis.  Stand  data  and  stem  defect  occurrence 
data  are  summarized  in  table  2.  Knot  data  were 
"read"  directly  from  inventory  cards  when  needed 
to  complete  the  analysis. 

Primary  Product  Potential 

For  the  locality  and  timber  used  in  the  example, 
five  primary   products   were   considered:    saw  logs, 


veneer  logs,  stud  logs,  commercial  poles,  and  pulp- 
wood.  Although  local  markets  are  not  currently 
active  for  all  these  products,  their  development  in 
the  near  future  seems  imminent.  The  manner  in 
which  recorded  quality  data  can  be  applied  in  esti- 
mating product  potential  is  amply  demonstrated 
by  this  group  of  products. 

Sow  log  potential.  — All  timber  in  diameter  classes 
12  inches  and  larger  was  considered  potential  saw- 
timber.  Gross  volume  of  this  timber  was  obtained 
by  converting  stand  measurement  data  into  board 
feet  Scribner  scale  by  means  of  volume  tables 
(Myers  1963).  A  high  proportion  of  the  merchant- 
able volume  was  contained  in  butt  16-foot  logs, 
and  only  a  minor  proportion  occurred  above  the 
second  log.  The  gross  volume  in  each  diameter 
class  and  proportion  of  volume  by  log  position 
is  shown  in  the  left-hand  columns  of  table  3. 

Net  saw  log  volume  was  estimated  by  adjust- 
ing gross  volume  for  visual  defect.  For  the  timber 
considered,  major  sweep,  crook,  fork,  and  fire  and 
lightning  scars  will  reduce  usable  saw  log  volume. 
Deductions  within  each  tree  diameter  class  were 
calculated  for  each  of  these  defects  by  applying 
inventory  defect  occurrence  data  and  the  average 
scale  deduction  factors  previously  described  (page 
13). 

For  example,  the  scale  deduction  for  crook  in 
the    16-inch    tree   diameter  class  was  calculated  as: 


Table  2. --Ponderosa  pine  timber  stand,   per  acre  basis,   and  percent  of  stems  with  defect,  on  example  area 


Tree 

Trees 

per 

acre 

Vol ume 
per 
acre 

Summary  of  stem  defect  occurrence 

d.b.h. 
class 

Sweep 

Crook 

Fork 

Lean 

Fire  scar 

Lightning  scar 

(Inches) 

Minor 

Major 

First 
loq 

r^l'^'     over 

First 
log 

Second 
log 

Over 

G° 

10° 

15°  + 

Minor 

Major 

Minor 

Major 

Number 

Board 

- 

.     -     - 

-     - 

-     .     - 

-     - 

.     -      - 

-  Percent  - 

-     - 

-     - 

-     - 

-     - 

-      - 

-      - 

-     - 

feet 

8 

22.50 

__ 

3.0 

3.2 

10.0 

1.6 

0 

0 

0 

0 

8.0 

1.6 

0 

.0 

1.6 

0 

0 

10 

13.00 

196 

2.0 

1.8 

9.0 

3.6 

0 

0 

0 

0 

10.8 

1.8 

0 

0 

0 

0 

0 

12 

7.43 

334 

0 

0 

8.6 

6.2 

0 

0 

0 

0 

8.7 

0 

2.2 

0 

0 

0 

0 

14 

2.14 

161 

0 

0 

10.6 

0 

0 

0 

0 

0 

16.0 

5.3 

0 

0 

0 

0 

0 

16 

1.82 

200 

5.0 

4.9 

9.8 

4.9 

0 

0 

4. 

9 

0 

14.8 

19.8 

0 

0 

0 

0 

0 

18 

2.23 

357 

9.0 

10.3 

6.8 

0 

0 

3.4 

0 

0 

20.6 

6.7 

3.4 

0 

3.4 

0 

6.7 

20 

1.40 

348 

0 

0 

4.1 

4.1 

0 

0 

4 

1 

8.0 

28.3 

4.1 

8.3 

4.1 

0 

4.1 

4.1 

22 

1.68 

596 

0 

0 

2.9 

2.9 

0 

0 

0 

0 

28.6 

8.3 

2.9 

2.9 

0 

0 

5.9 

24 

1.13 

521 

0 

0 

0 

7.0 

3.0 

0 

0 

0 

21.2 

10.6 

0 

0 

3.5 

3.5 

21.2 

26 

.79 

471 

4.0 

3.6 

0 

3.6 

4.0 

0 

3 

6 

8.0 

29.3 

3.6 

3.6 

0 

0 

3.6 

8.5 

28 

.27 

196 

0 

0 

0 

0 

0 

0 

0 

0 

51.7 

10.3 

10.3 

0 

0 

20.7 

10.3 

30 

.13 

112 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13.3 

0 

0 

13.3 

32 

.05 

47 

0 

0 

0 

0 

0 

0 

0 

0 

50.0 

0 

0 

0 

0 

0 

0 

34 

.02 

24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

36 

.02 

24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50.0 

0 

50.0 

38 

.03 

49 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

40.0 

0 

0 

40.0 

Total 

54.64 

3,636 

2.1 

2.2 

6.3 

3.3 

.6 

.3 

8 

1.1 

17.4 

4.7 

2.2 

1.1 

1.1 

1.4 

4.7 

Note; 


indicates  not  applicable. 
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Table  3. --Analysis  of  saw  log  potential,  per  acre  basis,  in  the  example  stand 


Gross  saw 

og  volume 

Deduction  for 

visual 

defect 

Net 

saw  log 

volume 

by  log 

and  grade 

d.b.h. 

class 

(Inches) 

Per 
acre 

Distribution 
by  log 

Major 
sweep 

Crook 

Fork 

Major 

fire 

scar 

Light- 
ning 
scar 

Total 

First 

log 

Second  log 

Upper 

log 

Total 

First 

Second 

Upper 

Grade 
3  & 

Grade 

5 

Grade 
3  S 

Grade 
5 

Grade 
3  & 

Grade 
5 

Grade 
,3  & 

Grade 
5 

better 

better 

better 

better 

Board 

-     - 

.     .     . 

-     - 

-     -  Percent 

-     - 

.     .     . 

.     - 

-     . 

.     _     . 

.     .     . 

.     .     . 

Board 

feet  - 

.     . 

-     .     . 

. 

feet 

12 

334 

89 

11 

0 

0 

2.1 

0 

0 

0 

2.1 

0 

290 

0 

37 

._ 

_- 

0 

327 

14 

161 

80 

20 

0 

0 

2.1 

0 

0 

0 

2.1 

0 

126 

0 

32 

-- 

-- 

0 

158 

16 

200 

73 

27 

0 

1.0 

2.1 

.3 

0 

0 

3.4 

7 

134 

0 

52 

-- 

-- 

7 

186 

18 

357 

69 

31 

0 

2.1 

1.2 

.6 

.3 

3.4 

7.6 

7 

220 

0 

103 

-- 

-- 

7 

323 

20 

348 

64 

32 

4 

0 

1.0 

.3 

0 

3.1 

4.4 

17 

196 

0 

107 

0 

13 

17 

316 

22 

596 

59 

31 

10 

0 

.7 

0 

0 

3.0 

3.7 

31 

309 

0 

178 

0 

56 

31 

543 

24 

521 

58 

32 

10 

0 

.6 

0 

.3 

11.5 

12.4 

11 

254 

0 

147 

0 

44 

11 

445 

26 

471 

58 

33 

9 

.7 

.4 

.3 

0 

5.2 

6.6 

36 

219 

0 

143 

0 

42 

36 

404 

28 

196 

58 

33 

9 

0 

0 

0 

0 

10.3 

10.3 

10 

91 

0 

58 

0 

17 

10 

166 

30 

112 

57 

34 

9 

0 

0 

0 

0 

6.6 

6.5 

12 

48 

0 

35 

0 

10 

12 

93 

32 

47 

55 

34 

11 

0 

0 

0 

0 

0 

0 

0 

26 

0 

16 

0 

5 

0 

47 

34 

24 

53 

32 

15 

0 

0 

0 

0 

0 

0 

12 

0 

0 

7 

0 

5 

12 

12 

36 

24 

50 

30 

20 

0 

0 

0 

3.1 

25.0 

28.1 

9 

0 

0 

5 

0 

3 

9 

8 

38 

49 

49 

29 

22 

0 

0 

0 

0 

20.0 

20.0 

10 

10 

0 

12 

0 

7 

10 

29 

Total 

!,440 

65 

29 

6 

162 

1,923 

0 

932 

0 

202 

162       3 

,057 

^Exclusive  of  volume  reduction  due  to  internal  defect. 
Note:  "--"  indicates  not  applicable. 

Crook     Log     Volume 
Log     occur-   scale     in  log 
position  rence  deduction  position 
(Number) (Percent)  (Decimal  fraction) 


1 


9.8 


0.25 


0.73 


2  4.9     X       .25       X  .27 

Over  0         X        .25       X       0 

Total    scale   deduction    (percent) 


Defect 
deduction 
(Percent) 

1.79 

.33 


2.12 


The  scale  deduction  for  sweep  in  the  same  size  class 
was  calculated  more  simply,  as: 

Major  sweep       Tree  scale         Defect 
occurrence         deduction         deduction 
(Percent)  (Fraction)        (Percent) 


4.9 


0.20 


0.98 


Since  sweep  is  considered  to  affect  the  entire 
merchantable  stem  uniformly,  defect  occurrence  and 
volume  distribution  by  log  position  do  not  have 
to  be  considered. 

Scaling  deductions  for  each  type  of  visual  defect, 
by  tree  diameter  classes,  are  indicated  in  table  3. 
The  resulting  net  volumes,  exclusive  of  internal 
defect  deductions,  are  also  shown. 

The  improved  5-g  rod  e  log-grading  systemjGaines 
1962)  is  currently  recognized  for  ponderosa  pine 
sawtimber.  Quality  of  the  saw  log  material  was 
estimated  by  applying  grade  specifications  for  this 
system  to  recorded  stem  quality  data.  In  this  grad- 
ing    system,    log    knots    are    the    primary    grading 


defects,  while  scars  and  certain  stem  abnormalities 
are  secondary  defects.  The  grade  of  a  log  is  deter- 
mined by  the  amount  of  log  surface  (expressed  in 
4-foot  log  face  "panels")  free  of  grading  defects. 
To  estimate  saw  log  grade  for  sampled  trees,  re- 
corded defect  information  for  first  and  second  logs 
was  scanned  to  determine  number  of  defect-free 
"panels."  Recorded  data  do  not  correspond  exactly 
to  the  grading  criteria  used  in  this  system,  so  some 
interpretive  rules  of  thumb  are  necessary:  one  clear 
8-foot  face  =  2  assured  clear  "panels,"  an  8-foot 
face  with  one  knot  =  I  assured  clear  "panel,"  and 
so  forth.  Estimated  defect-free  "panels"  were 
accumulated  for  all  faces  of  a  log  and  the  appro- 
priate grade  assigned  the  log  as  follows: 

Estimated  clear  4-foot  panels 


(Full    log— 
16-foot) 

(Half  log- 
8-foot) 

Grade 
assigned 

-     -    (Numbe 

r)   -     - 

(Number) 

15   -    16 

8 

1 

12   -    14 

6   -   7 

2 

5   -    11 

3  -   5 

3 

Less   than   5 

Less   than   3 

5 

Saw  log  volume   above   32  feet  in  the  tree  was  as- 
signed Grade  5. 

An  extremely  small  proportion  of  the  saw  log 
material  qualified  for  Grades  1  and  2,  and  Grade 
4  describes  a  type  of  log  not  commonly  found  in 
southwestern  ponderosa  pine.  Consequently,  quality 
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stratification  was  effectively  limited  to  two  classes— 
"Grade  3  and  better"  and  "Grade  5."  The  distri- 
bution of  net  saw  log  volume  by  log  grade  and 
position  is  shown  in  the  right-hand  columns  of  table 
3. 

Veneer  log  potential.— Gross  veneer  log  potential 
includes  all  8-foot  stem  sections  with  an  estimated 
scaling  diameter  of  10  inches  or 'more.  Unlike 
saw  logs,  however,  not  all  tree  volume  of  accept- 
able size  mioy  meet  minimum  requirements  for  the 
product.  Most  veneer  log  grading  systems  have 
quality  limitations  on  the  lowest  acceptable  grade. 
Consequently,  the  analysis  illustrated  limits  gross 
veneer  log  potential  to  the  first  24  feet  of  merchant- 
able stem,  for  which  detailed  quality  information 
is  available.  Results  of  the  analysis  will  necessarily 
be  conservative.  Gross  veneer  log  volume  in  each 
diameter  class,  and  distribution  of  the  volume  in 
the  first  three  8-foot  stem  sections,  are  shown  in 
the  left-hand  columns  of  table  4. 

Visible  stem  defects  that  will  reduce  usable 
veneer  log  volume  include  crook,  fork,  and  fire 
and  lightning  scar.  Major  crook  was  considered 
to  remove  the  entire  8-foot  block  from  considera- 
tion for  veneer.  Minor  crook,  fork,  and  scar  resulted 
in  scaling  deductions  equivalent  to  those  made  in 
sow  logs.  Sweep  can  usually  be  eliminated  in 
bucking  8-foot  veneer  blocks.  Defect  deductions 
were  calculated  in  the  manner  previously  illustrated 
for  saw  logs.  Scaling  deductions  by  type  of  defect 
and  resulting  net  ungraded  log  volume— a  "first 
estimate"    of    net    veneer    log    volume— are    shown 


in  table  4.  A  more  refined  estimate  is  obtained 
when  veneer  log  grades  are  applied,  since  some 
of  the  ungraded  net  volume  may  not  meet  minim.um 
grade  specifications. 

The  quality  of  a  veneer  log  depends  primarily 
upon  the  size  of  live  and  dead  knots  present.  To 
describethe  quality  of  veneer  logs  in  sample  stands, 
an  arbitrary  grading  procedure  was  adopted.  The 
procedure,  based  partially  on  experienced  recovery 
of  veneer  suited  to  sheathing  grade  plywood,  uses 
recorded  knot  size  information  to  grade  each  8-foot 
veneer  block; 

Diameters  of-- 


Dead  kn 

ots 

Live  knots 

Grade 

(Inch 

es) 

None 

To  2 

1 

To  2 

To  2 

2 

To  3 

Any  size 

3 

Over  3 

Unacceptc 

The  volume  of  veneer  log  material  graded  "unaccept- 
able" and  the  acceptable  net  volume,  by  grade, 
is  shown  in  the  right-hand  columns  of  table  4. 
Grades  1  and  2  are  combined,  since  the  sampled 
stand  contained  only  a  small  volume  of  Grade  1 
material.  The  quality  analysis  can  readily  be  ad- 
justed to  accommodate  different  grading  criteria 
or  end-product  requirements.  For  example,  the 
effect  of  allowing  4-inch  dead  knots  in  Grade  3 
can  be  evaluated  directly  from  inventory  data.  In 
the  sampled  stand,  such  a  change  would  substan- 
tially reduce  the  "unacceptable"  volume. 


Table  4. --Analysis  of  veneer  log  potential,   per  acre  basis,    in   the  example  stand 


Tree 

Gross   veneer  log  volume' 

Deduction   for  visual   defect 

Net  veneer  log  volume 

d .  b  .  h  . 
class 

Per 
acre 

Distribution 
by  8-foot  block 

Crook 

Fork 

Major 
f  i  re 
scar 

Light- 
ning 
scar 

Total 

Ungraded 

Graded 

( Inches) 

First 

Second 

Third 

Unacceptable 

Grades 
1  &  2 

Grade 
3 

Total 
acceptable^ 

Board 
feet 

12 

222 

100 

14 

129 

67 

16 

182 

50 

18 

313 

50 

20 

292 

43 

22 

470 

43 

24 

40  3 

42 

26 

362 

42 

28 

151 

41 

30 

86 

41 

32 

35 

41 

34 

17 

41 

36 

17 

40 

38 

33 

39 

Total 


2,712 


49 


Percent 


0 

33 
30 
29 
33 
32 
33 

33 
34 
33 
33 
33 


0 
0 
20 
21 
24 
25 
25 

25 
25 
26 
26 
26 
26 
26 


4.3 

3.5 
2.5 
1.3 
1.4 
.5 
.4 

0 
0 
0 
0 
0 
0 
0 


0 
0 
0 

3.4 

3.1 

3.0 

11.5 


25.0 
20.0 


4.3 
3.5 
3.0 
6.0 
4.5 
3.5 
12.3 

5.2 
10.3 
6.6 

0 

0 

30.0 
20.0 


212 
124 

177 
294 
279 
454 
353 

343 
135 
80 
35 
17 
12 
26 


-     -   Be 

ard  feet  - 

-     - 

21 

85 

106 

41 

7 

76 

84 

46 

47 

134 

47 

113 

165 

42 

72 

295 

56 

103 

243 

22 

88 

274 

26 

43 

96 

6 

33 

67 

0 

13 

35 

0 

0 

10 

7 

0 

7 

5     - 

0 

26 

0 

0 

30 


21 


2,541 


1,498 


349 


694 


191 
83 
93 
160 
114 
159 
110 

69 
39 
13 
0 
7 
5 
0 


1,043 


'Includes  only  volume  in  first  8-foot  section  of  trees   in   12-inch  diameter  class,   first  and  second  sections  of   14-inch  class  trees,  and 
first  three  sections  of  all    trees   larger. 
^Exclusive  of  volume   reduction  due  to  internal   defect. 
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Stud  log  potential.  — Gross  stud  log  volume  in- 
cludes all  8-foot  stem  sections  with  scaling  diameters 
of  6.0  to  16.9  inches.  Stud  logs  ore  typically  pro- 
cessed through  chipping  heodrig  mills,  or  mills  simi- 
larly equipped  for  the  specialty  manufacture  of  studs 
and  dimension  stock.  As  with  veneer  logs,  not  all 
stem  sections  of  the  right  size  may  meet  minimum 
quality  requirements.  The  analysis  is  consequently 
limited  to  the  first  24  feet  of  merchantable  stem. 
The  maximum  scaling  diameter  limit  of  16.9  inches 
further  restricts  gross  stud  log  potential  to  portions 
of  trees  in  22-inch  and  smaller  diameter  classes. 
Gross  potential  volume  and  distribution  by  8-foot 
stem  section  are  shown  in  table  5. 

The  net  volume  of  stud  log  material  was  esti- 
mated by  considering  the  same  scaling  defects  and 
deductions  applied  to  veneer  logs— crook,  fork,  and 
scar.  Deductions  for  visual  defect  and  net  ungraded 
volume  are  included  in  table  5. 

The  quality  of  a  stud  log  depends  upon  size  and 
number  of  knots  present.  An  arbitrary  grading  pro- 
cedure, based  on  log  characteristics  important  in 
the  production  of  dimension  lumber,  was  used  to 
indicate  quality  of  stud  logs  in  the  sample  stand. 
The  procedure  uses  knot  size  and  number  information 
from  inventory  data  to  grade  each  8-foot  log: 

Diameters  of- 






— 

Total    knots 

Dead  knots 

Li  ve 
ches) 

_kr 

ots 

allowed 

Grade 

(In 

(Number) 

To  1 

To  2 

16  or  less 

1 

To  2 

To  2 

32  or  less 

2 

To  2 

To  3 

fJo  limit 

3 

Over  2 

Over 

3 

Un 

acceptc 

The  acceptable  net  volume  of  stud  log  material, 
by  grade,  and  volume  unaccepted,  are  shown  in 
table  5.  Grades  I  and  2  are  again  combined  be- 
cause  of   the  small  volume  of  Grade   I    logs  in  the 


sampled  stand.  The  dead  knot  size  limit  was  pri- 
marily responsible  for  the  high  proportion  of  unac- 
cepted material.  Again,  reevaluation  of  the  inven- 
tory data  indicates  that  allowing  3-inch  dead  knots 
in  Grade  3  would  substantially  reduce  the  unac- 
cepted volume. 

Pole  potential.  — Because  stems  that  meet  speci- 
fications for  commercial  poles  are  usually  consider- 
ably more  valuable  for  that  use  than  for  any  alter- 
native, pole  potential  in  a  stand  should  receive 
careful  attention.  The  potential  for  pole  products 
is  not  limited  entirely  to  commercial  poles,  however; 
poles  of  shorter  lengths  are  used  in  quantity  as 
house  logs  and  in  pole  frame  construction.  Gross 
pole  potential  is  expressed  in  terms  of  stems  per 
acre,  rather  that  volumetric  measurement.  All  stems 
in  10-inch  through  20-inch  diameter  classes  were 
initially  considered  potential  poles.  Grosspolepoten- 
tial    by    tree    diameter    class   is   shown   in   table  6. 

Standards  for  commercial  poles  are  defined  in 
specifications  of  the  American  Standards  Association 
(1963).  Because  of  critical  strength  requirements, 
the  standards  are  detailed  and  stringent.  Defects 
that  render  stems  unsuitable  for  polesinclude  sweep, 
major  crook,  fork,  lightning  scar,  and  excessive  lean 
(indicative  of  compression  wood).  Also  inadmissible 
are  excessive  knots,  generally  defined  for  shorter 
poles  as  single  knots  4  inches  or  larger  in  diameter, 
or  knots  aggregating  over  8  inches  in  diameter 
within  a  1-foot  stem  section. 

Short  commercial  poles,  and  poles  too  short  to 
meet  commercial  standards,  are  used  in  substantial 
numbers  in  pole  frame  construction  and  related 
uses.  There  are  no  standard  specifications,  other 
than  those  developed  to  meet  particular  design 
requirements,  for  short  constructionpoles.  TheForest 


Table  5. --Analysis  of  stud  log  potential,   per  acre  basis,   in  the  example  stand 


Tree 

Gross  stud 

log  vol 

unie^ 

Deduction 

for  visual   defec 

Net  stud  log  volume 

d.b.h. 

uistributi 

Dn 

class 

Per 

by 

8-foot 

log 

Crook 

Fork 

Major 

fire 

scar 

Light- 

Total 

Ungraded 

(Inches) 

acre 

First 

Second 

Third 

scar 

Unacceptable       ^''J^'f    t 

Grade 
3 

Total 
acceptable^ 

Board 
feet 

-     - 

-     -     - 

-     -     - 

-  Percf 

>nt   -      - 

-     - 

-     -     - 

-     - 

-      - 

10 

196 

67 

33 

0 

2.4 

0 

0 

0 

2.4 

191 

94                        5 

92 

97 

12 

334 

67 

22 

11 

3.1 

0 

0 

0 

3.1 

324 

138                        0 

186 

186 

14 

150 

57 

29 

14 

3.0 

0 

0 

0 

3.0 

146 

94                        0 

52 

52 

16 

182 

50 

30 

20 

2.5 

.5 

0 

0 

3.0 

177 

87                      23 

67 

90 

18 

313 

50 

29 

21 

1.3 

.9 

.4 

3.4 

6.0 

294 

149                     18 

127 

145 

20 

167 

0 

58 

42 

2.0 

0 

0 

3.1 

5.1 

158 

133                      0 

25 

25 

22 

118 

0 

0 

100 

0 

0 

0 

3.0 

3.0 

114 

97                        3 

14 

17 

Total 

1,460 

47 

29 

24 

1,404 

'Includes  only  volume  in  first  three  8-foot  sections  of  trees   in   18-inch  and  smaller  diameter  classes,   second  and  thira  sections   in 
20-inch  class   trees,   third  section  in  22-inch  class  trees,  and  none  in  larger  trees. 
^Exclusive  of  volume  reduction  due  to  internal    defect. 
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Products  Laboratory  has  recommended,  however, 
that  poles  used  for  framing  meet  American  Standard 
or  equivalent  grades  (Wood  1957). 

Net  pole  potential  was  calculated  by  making 
appropriate  deductions  for  inadmissible  defect. 
Deductions  by  type  of  defect,  and  resulting  net 
pole  potential,  are  indicated  in  table  6. 

Pole  quality  or  value  classes,  described  by  ASA 
specifications  (1963),  are  based  upon  pole  length 
and  diameter.  Because  both  can  be  obtained 
from  inventory  data,  net  pole  potential  can  be 
described  in  terms  of  commercial  pole  classes. 
Net  noncommercial  or  construction  poles,  and  net 
commercial  poles  by  pole  length  and  class,  are 
shown  in  table  6. 

Pulpwood  potential.  — All  timber  could  be  utilized 
for  pulpwood  (or  other  wood  chip  or  fiber).  The 
diameter  breaking  point  between  pulpwood  and 
other  primary  product  uses  is  likely  to  be  highly 
variable.  Consequently,  all  timber  in  8-inch  and 
larger  diameter  classes  was  considered  potential 
pulpwood.  Since  the  inventory  data  provide  volume 
information  by  tree  diameter  classes,  the  volume 
in  any  range  of  diameter  classes  under  considera- 
tion is  immediately  available.  Gross  pulpwood 
volumes  (table  7)  were  obtained  by  applying  cubic- 
foot  volume  tables  (Myers  1963)  to  stand  measure- 
ment data. 

Visible  stem  quality  features  other  than  fire 
and  lightning  scars  will  not  significantly  affect  volume 
of  usable  pulpwood.  Fire  scar  will  affect  net  volume 
both  as  an  absolute  reduction  of  volume  and  as  a 
source  of  charred,  unsuitable  material.  Because 
charred  wood  must  be  excluded  from  pulping  opera- 
tions, it  is  anticipated  that  fire-scarred  trees  will 
be  long  butted  above  the  scar.  Consequently,  a 
cubic-foot  volume  deduction  equivalent  to  the  lower 


4  feet  of  the  merchantable  stem  was  adopted. 
Lightning  scars  of  the  type  recorded  are  similarly 
often  accompanied  by  charred  wood,  pitch  streaks, 
and  ingrown  callus  bark.  Stems  with  lightning  scar 
were  therefore  considered  unsuitable  for  pulpwood, 
and  were  culled  from  gross  scale.  These  scale 
deduction  factors  were  applied  to  the  proportion  of 
the  stand  affected  by  fire  and  lightning  scar.  Re- 
sulting scale  deductions  and  net  pulpwood  volumes, 
by  tree  diameter  class,  are  shown  in  table  7. 

Specific,  well-defined  quality  criteria  have  not 
been  developed  for  pulpwood.  Certain  quality 
specifications  are  often  used  by  purchasing  firms, 
however,  in  defining  the  type  of  material  they 
will  accept.  It  seems  probable  that,  in  the  future, 
pulpwood  quality  classes  will  be  defined. 

Stem  characteristics  that  might  reduce  the  suita- 
bility of  the  stem  for  pulping  include  severe  crook 
or  sweep  and  fork,  which  make  handling  difficult, 
reduce  the  solid  wood  volume  of  a  load,  and  inter- 
fere with  debarking  or  mechanical  grinding.  Com- 
pression wood,  indicated  by  lean,  may  significantly 
reduce  pulp  yields.  The  cellulose  content  of  severe 
compression  wood  has  been  found  to  be  as  much 
as  50  percent  below  normal  (Hale  et  al.  1961). 
Excessive  numbers  of  large  knots  may  reduce  suit- 
ability of  pulpwood  for  grinding  and  reduce  value 
for  chemical  pulping.  Pulpwood  quality  classes 
based  upon  these  or  other  stem  characteristics  can 
readily  be  distinguished  on  the  basis  of  stem  quality 
inventory  data.  The  ability  to  stratify  pulpwood 
into  such  quality  classes  is  important  in  appraising 
suitability  for  specific  pulping  processes  and  hand- 
ling methods. 

Application  to  Additional  Products 

The  preceding  examples  of  how  inventory  data 
can    be    used    to    estimate    product    potential    in   a 


Table  6. --Analysis   of  pole  potential,   per  acre  basis,    in  the  example  stand 


Tree 
d.b.h. 
class 
(Inches) 

Gross 

poles 

Net  poles 

Total 

Deduction 

for  visual    defect 

Noncommercial 
lengths 

Commercial    lengths 

and 

ASA  c 

lasses 

Sweep 

Major 
crook 

Fork 

Lean 
(10°+) 

Light- 
ning 
scar 

Over- 
size 
knots 

Total 

10  ft. 
and 

under 

il. 

18  and 
20  ft. 

25   ft. 

30   ft. 

To 

ft. 

Total' 

3 

6 

3    1      4    1 

5 

2 

5 

2 

Nuinbe 

:    -    - 

-     - 

-     - 

Percent 

-     -     - 

-     - 

- 

-      -      - 

-     - 

-     - 

- 

-   Number  - 

- 

-     - 

- 

■     - 

-      - 

10 

13.0 

1.8 

0 

0 

1.8 

0 

20.0 

23.6 

5.0 

1.2 

0 

2.4 

0         0 

1.2 

0 

0.1 

0 

9.9 

12 

7.4 

0 

4.3 

0 

2.2 

0 

26.0 

32.5 

2.4 

1.6 

.4 

0 

0            .2 

.2 

0 

.2 

0 

5.0 

14 

2.1 

0 

5.3 

0 

5.3 

0 

30.0 

40.6 

.9 

.2 

.1 

0 

0         0 

0 

0 

0 

0 

1.2 

16 

1.8 

4.9 

4.9 

4.9 

19.8 

0 

34.0 

68.5 

.3 

.1 

0 

0 

.1     0 

0 

.1 

0 

0 

.6 

18 

2.2 

10.3 

0 

3.4 

10.1 

6.7 

36.0 

66.5 

.4 

0 

.1 

0 

0         0 

0 

.1 

0 

.1 

.7 

20 

1.4 

0 

0 

4.1 

12.4 

8.2 

38.0 

62.7 

.2 

.1 

0 

0 

.1     0 

0 

.1 

0 

0 

.5 

Total 

27.9 

9.2 

3.2 

.6 

2.4 

.2        .2 

1.4 

.3 

.3 

.1 

17.9 

'Exclusive  of  volume  reduction  due  to  internal    defect. 
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Table  7. --Analysis  of  pulpwood  potential,  per  acre  basis,  in 
the  example  stand 


Tree 
d.b.h. 
class 
(Inches) 


Gross 
volume 


Deduction  for  visual   defect 


Fi  re 
scar 


Light- 
ning 
scar 


Total 


Net 
volume' 


Cubic  feet 

-     - 

-  Percent  - 

-     - 

Cubic  feet 

8 

97 

0.7 

0 

0.7 

96 

10 

99 

0 

0 

0 

99 

12 

92 

0 

0 

0 

92 

14 

39 

0 

0 

0 

39 

16 

49 

0 

0 

0 

49 

18 

90 

.8 

6.7 

7.5 

83 

20 

75 

.7 

8.2 

8.9 

68 

22 

116 

.5 

5.9 

5.4 

109 

24 

95 

.6 

24.7 

25.3 

71 

25 

80 

0 

12.1 

12.1 

70 

28 

33 

0 

31.0 

31.0 

23 

30 

18 

2.1 

13.3 

15.4 

15 

32 

7 

0 

0 

0 

7 

34 

4 

0 

0 

0 

4 

36 

4 

6.7 

50.0 

56.7 

2 

38 

8 

5.4 

40.0 

45.4 

4 

Total 

906 

831 

'Exclusive  of  volume  reduction  due  to  internal  defect. 

timber  stand  are  by  no  means  exhaustive.  If  addi- 
tional products  command  attention  due  to  changing 
utilization  patterns  or  consumer  demands,  theappro- 
priate  stand  volumes  and  quality  criteria  can  be 
selected  from  existing  inventory  data  to  estimate 
stand  potential. 

Raw  material  quality  standards  also  change  with 
time.  New  standards  are  developed  to  meet  the 
needs  of  new  products,  and  existing  standards  ore 
revised.  Most  such  standards  will  incorporate  as 
primary  grading  criteria  some  of  the  stem  quality 
features  described  by  mventory  data.  Stand  poten- 
tial for  the  particular  product  can  be  reevaluated 
in  terms  of  these  new  quality  standards  by  select- 
ing and  applying  appropriate  stem  quality  infor- 
mation. Thus  the  inventory  system  provides  a  high 
degree  of  flexibility  in  meeting  futureproduct  quality 
appraisal  needs. 

Comparison  with  Quality  Observed  in  Felled  Timber 

Timber  on  the  example  area  was  subsequently 
clearcut,  which  provided  an  opportunity  to  compare 
quality  evaluations  made  in  standing  and  felled 
timber.  Two-chain  sample  strips,  which  included 
one-fourth  of  the  study  area  and  contained  1,562 
merchantable  trees,  were  randomly  located  across 
the  area.  Each  tree  was  felled,  scaled,  and  graded 
in  standard  lengths  for  each  primary  product. 
Grading  systems  used  in  interpreting  standing  timber 
inventory  data  were  also  used  in  evaluatingprimary 
products  in  felled  trees. 

Timber  suitability  and  grade  distribution,  judged 
from  both  inventory  data  and  felled  trees,  were 
compared    for    four    products   (table   8).      The   com- 


parisons indicate  that  methods  of  inventorying  stand- 
ing timber  quality  can  provide  a  reasonable  estimate 
of  product  potential  for  a  range  of  primary  products. 

Inventory  Information  as  a  Basis  for  Decision 

An  inventory  based  on  timber  quality  provides 
a  wealth  of  information  for  both  stand  manage- 
ment and  utilization  planning.  A  primary  objective 
of  timber  management  is  to  produce  salable  raw 
material,  within  the  restrictions  imposed  by  other 
forest  uses.  A  primary  objective  of  timber  utili- 
zation is  to  optimize  the  use  of  the  resource  within 
the  limits  of  existing  technology  and  product  demand. 
Both  objectives  require  knowledge  of  the  physical 
characteristics  of  the  stand,  and  the  effect  of  these 
characteristics  on  product  yield  and  quality.  A 
multiproduct  inventory  system  can  provide  such 
information. 

The  timber  manager  needs  to  know  which  type 
of  products  the  stand  can  and  should  be  directed 
toward.  Although  his  initial  concern  may  be  with 
growth  rates,  volumes,  and  associated  factors,  of 
equal  concern  should  be  the  occurrence  of  stem 
features  that  affect  yield  and  quality  for  particular 
products.  He  needs  to  know  which  stem  features 
most  restrict  utilization  potential,  and  the  frequency 
with  which  they  occur  in  the  stand.  fHe  needs  to 
know  how  much  the  utilization  potential  for  specific 
products  is  affected  by  stem  size  distribution.  This 
type  of  stand  information  gives  timber  managers 
a  basis  for  making  management  decisions.  They 
can  adequately  assess  the  effect  of  a  given  stand 
treatment  upon  present  and  future  product  potential. 

Utilization  planning  requires  perhaps  even  more 
complete  knowledge   of   the   resource.      A  detailed 

fable  8. --Comparison  of  timber  quality  evaluations  made  in 
standing  and  felled  timber  in  the  example  stand 


Primary 
product 


Tree  size 

classes 

included 


Log 
grade 


Quality  evaluation 


Inventory   ^^^^^ 
(standing)  | 


Saw  logs 


Inches  in  d.b.h. 
11.0  and  over 


Percent  of  gross  volume 


Veneer  logs   11.0  and  over 


Stud  logs 


Commercial 
poles,  25 
ft.   and  over 


9.0  -  22.9 


9.0  -  20.9 


3  & 
better 


1  S  2 

3 

(') 

1  &  2 

3 

(') 


5.0 

95.0 

13.7 
27.3 
59.0 

3.5 
40.1 
56.4 


6.9 

93.1 

14.2 
23. 3 
57.5 

1.0 
38.5 
60.5 


stems  per  acre 
2.5  1.9 


'Material   araded  unacceptable  for  the  product,  b. 
three-grade  arbitrary  grading  systems  described. 
:iote;   "--"   indicates  not  aprlicable. 
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Table  9. --Net  primary  product  potential,   per  acre  basis,   in  the  example  stand' 


Tree 

Ne 

t  volume  by  grade 

Commerc 
by  hei 

ic 

1 

poles 
class 

d.b.h. 

qht 

Pulpwood 

class 

Saw   logs 

Veneer    logs 

Stua   logs 

volume 

(Inches) 

Grade  3 
&  better 

Grade 
5 

Total 

G 
1 

-■ades 
&  2 

Grade 
3 

Total 

Grades 
1  &  2 

Grade 
3 

Total 

18  and 
20  ft. 

25  ft. 

30  ft.   + 

Total 

-     -     -     - 

-     - 

-     -     - 

Bo_ 

jrd  fee 

t,   Scrit 

ner  - 

-     -     - 

-     - 

-     - 

-     - 

-  Numbe 

r  -      -      - 

- 

Cubic  feet 

8 
10 

-- 

-- 

-- 

-- 

-- 

-- 

5 

92 

97 

2.4 

1.2 

0.1 

3.7 

96 
99 

12 

0 

327 

327 

85 

106 

191 

0 

186 

186 

.4 

.4 

.2 

1.0 

92 

14 

0 

158 

158 

7 

76 

83 

0 

52 

52 

.1 

0 

0 

.1 

39 

16 

7 

186 

193 

46 

47 

93 

23 

67 

90 

0 

.1 

.1 

.2 

49 

18 

7 

323 

330 

47 

113 

160 

18 

127 

145 

.1 

0 

.2 

.3 

83 

20 

17 

316 

333 

42 

72 

114 

0 

25 

25 

0 

.1 

.1 

.2 

68 

22 

31 

543 

574 

56 

103 

159 

3 

14 

17 

-- 

— 

-- 

-- 

109 

24 

U 

445 

456 

22 

88 

110 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

71 

26 

36 

404 

440 

26 

43 

69 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

70 

28 

10 

166 

176 

6 

33 

39 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

23 

30 

12 

93 

105 

0 

13 

13 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

15 

32 

0 

47 

47 

0 

0 

0 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

7 

34 

12 

12 

24 

7 

0 

7 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

4 

36 

9 

8 

17 

5 

0 

5 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

2 

38 

10 

29 

39 

0 

0 

0 

-- 

-- 

-- 

-- 

-- 

- 

-- 

4 

Total 

162 

3,057 

3,219 

349 

694 

1 

043 

49 

563 

612 

3.0 

1.8 

.7 

5.5 

831 

'Exclusive  of  volume   reduction  due  to  internal    defect. 
IJote:    "--"    indicates  not  applicable. 

inventory  of  timber  and  its  quality  is  indispensable 
to  the  wood  industry.  Optimum  utilization  of  timber 
has  long  been  hampered  by  inadequate  charac- 
terization of  the  raw  material.  Inventory  infor- 
mation provides  a  reliable  basis  for  interproduct 
comparisons  in  determining  optimum  uses. 

A  typical  analysis  of  product  potential  in  a 
timber  stand  has  been  described  in  the  preceding 
section.  To  help  evaluate  utilization  alternatives, 
estimated  .grade  and  net  volume  information  for 
each  primary  product  can  be  combined  in  a  "product 
schedule"  for  the  sampled  stand.  Table  9  sum- 
marizes estimated  net  product  potential,  by  grade 
or  quality  class,  for  each  diameter  class  of  trees. 
Maximum  potential  is  shown  for  each  product.  A 
similar  schedule  can  also  be  developed  for  selec- 
tive allocation  of  the  timber  to  several  or  all 
products  in  order  of  preference.  Allocation  of  a 
log  for  one  product  would  then  preclude  its  con- 
sideration for  any  others.  This  type  of  schedule 
requires  prior  ranking  of  potential  products  accord- 
ing to  value  or  preference.  Schedules  such  as  this 
provide  the  kind  of  resource  inforaiotion  needed 
to  evaluate  potential  for  a  range  of  primary  prod- 
ucts and  make  choicesbetweenalternativeproducts. 
Applied  on  a  broad  scale,  such  information  can 
provide  guidance  for  timber  management  planning 
and  wood  industry  development. 
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As  our  Nation  grows,  people  expect  end  need  more  from  their 
forests— more  wood,  more  water,  fish  and  wildlife;  more  recreation 
and  natural  beauty;  more  special  forest  products  and  forage.  The 
Forest  Service  of  the  U.  S.  Department  of  Agriculture  helps  to 
fulfill  these  expectations  and  needs  through  three  major  activities; 

•  Conducting  forest  and  range  research  at  over  75  locations 
ranging  from  Puerto  Rico  to  Alaska  to  Hawaii. 

•  Participating  with  all  State  forestry  agencies  in  cooperative 
programs  to  protect,  improve,  and  wisely  use  our  Country's 
395   million   acres  of  State,  local,  and  private  forest  lands. 

•  Managing  and  protecting  the  187-million  acre  National 
Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the  new 
knowledge  that  research  scientists  develop;  by  setting  an  example 
in  managing,  under  sustained  yield,  the  National  Forests  and 
Grasslands  for  multiple  use  purposes;  and  by  cooperating  with  all 
States  and  with  private  citizens  in  their  efforts  to  achieve  better 
management,  protection,  and  use  of  forest  resources. 

Traditionally,  Forest  Service  people  have  been  active  members 
of  the  communities  and  tov^ns  in  which  they  live  and  work.  They 
strive  to  secure  for  all,  continuous  benefits  from  the  Country's 
forest  resources. 

For  more  than  60  years,  the  Forest  Service  has  been  serving 
the    Nation   cs   a    leading    natural    resource   conservation   agency. 
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ABSTRACT 


Large,  vigorous,  isolated  ponderosa  pines  were  the  best  cone 
producers  in  terms  of  seed  quantity,  quality,  and  frequency  of 
bearing  in  the  Southwest.  Large  cone  crops  occurred  in  3  years 
out  of  10.  Trees  28  to  40  inches  in  diameter  averaged  218  to 
446  cones  each  per  year.  In  contrast,  trees  12  to  20  inches  in 
diameter  averaged  less  than  22  cones.  The  largest  crop  produced 
was  7,521  cones  per  acre  in  1960,  when  59  percent  of  the  trees 
bore  more  than  100  cones  each.  Abert  squirrels  reduced  the 
10-year  cone  production  by  one-fifth.  Conelet- bearing  twigs 
clipped  by  squirrels  provide  a  basis  for  predicting  cone  crop  size. 
Key  words:    Pinus  ponderosa,  conelets,  cones,  Abert  squirrel 
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Cone  Crops  of  Ponderosa  Pine  in  Central  Arizona, 
Including  the  Influence  of  Abert  Squirrels 


M.   M.    Larson   and  Gilbert  H.    Schubert 


Introduction 

Large  quantities  of  seed  are  needed  to  maintain 
or  increase  productivity  on  about  7,5  million  acres 
of  commercial  ponderosa  pine  (Pinus  ponderosa 
Laws.)  timberland  in  Arizona  and  New  Mexico. 
Although  ponderosa  pines  produce  enough  seed, 
time  intervals  between  good  crops  and  large  dif- 
ferences in  cone  production  between  individual  trees 
determine  the  amount  of  seed  produced  in  an  area. 
Since  natural  regeneration  is  still  relied  on  to 
restock  large  areas,  seed  supply  is  a  matter  of 
primary  importance. 

This  Paper  reports  on  a  10-year  investigation 
of  the  cone  crops  of  ponderosa  pine,  and  the 
influence  of  Abert  squirrels  (Sciurus  aberti  aberti 
Woodhouse)  on  these  crops.  In  the  study  on  the 
Fort  Valley  Experimental  Forest,  we  determined 
the  types  of  trees  bearing  cones,  size  and  frequency 
of  cone  crops,  seed  dissemination,  and  the  detri- 
mental influence  of  the  seed-eating  and  twig-clipping 
activities  of  the  Abert  squirrel.  We  also  found  that 
the  abundanceof  conelets  onclipped  twigs  indicates 
the  size  of  the  ensuing  seed  crop. 

2jn  this  paper  the  term  "conelet"  refers 
to  ovulate  strobili  from  the  time  of  their  ap- 
pearance in  late  spring  until  their  fertiliza- 
tion the  following  spring.  After  fertilization, 
the  term  "cone"  is  used.  Clipped  twigs  may  have 
both  1-year-old  conelets  and  new  flower  buds. 
Only  the  1-year-old  conelets  were  counted , since 
new  flower  buds  could  not  be  distinguished  at 
this   stage   from   vegetative   buds. 


Detailed  descriptions  of  flowering  and  cone 
development  of  ponderosa  pine  have  been  reported 
by  Roeser  (1941)  and  Gifford  and  Mirov  (I960). 
Long-term  studies  of  cone  production  were  reported 
for  ponderosa  pine  in  California  (Fowells  and  Schu- 
bert 1956),  in  Montana  (Boe  1954),  and  in  Washing- 
ton (Daubenmire  I960).  In  the  Southwest,  Pearson 
(1912,  1923,  1950)  identified  the  types  of  trees 
that  bear  good  cone  crops,  and  indicated  the  kind 
and  number  of  trees  needed  to  provide  an  adequate 
seed  supply  for  regeneration. 

Adequate  stands  of  natural  regeneration  are 
infrequent;  seed  supply  may  be  a  limiting  factor 
at  times,  but  our  knowledge  is  inadequate.  Abert 
squirrels  are  known  to  destroy  large  numbers  of 
cones  (Keith  1965),  but  a  long-term  quantitative 
evaluation  of  damage  has  never  been  made.  This 
study  revealed  that  squirrel  impact  can  indeed  be 
substantial,    even    in    periods    of    low   populations. 


Conduct  of  the  Study 

Experimental  Area 

The  study  was  conducted  on  a  10-acre  plot  in 
the  G.  A.  Pearson  Natural  Area  near  Flagstaff. 
The  virgin  stand  contained  253  trees  over  12.0 
inches  in  diameter  breast  high  (d.b.h.).  The  trees 
averaged  22.7  inches  d.b.h.  and  were  mature  and 
overmature  (fig.  1).  Twelve  trees  that  died  during 
the  study  were  excluded  from  the  analysis. 


F-tguAe  1  .--Ponde.Ko6a  pine^  in  the. 
G.  A.   P^cuuson  HoutuJiaZ  kxza  o/J  thz 
¥o>vt  VaJiZdLj  Experimental  FoKut. 


There  were  very  few  trees  8  to  12  inches  d.b.h. 
Dense  patches  of  saplings  and  small  poles  of  1919 
origin  occupied  most  of  the  ground  space  not 
covered  by  crowns  of  the  larger  trees. 

The  site  index  is  about  85  feet  at  base  age  of 
100  years.  The  plot  is  nearly  level,  with  a  slight 
south-facing  aspect.  The  silty  clay  loam  soil  was 
derived  from  basalt  and  is  nearly  neutral  in  pH. 
Precipitation  averages  about  23  inches  annually. 
The  wettest  months  are  July  and  August.  The  tem- 
perature ranges  from  a  mean  maximum  of  88.2°  F. 
in  July  to  a  mean  minimum  of  -1  1 .2°  F.  in  January. 
The  hottest  and  coldest  temperatures  were  96°  F. 
and -37°  F. 


Tree  Classifications 

All  trees  were  classified  as  toage-vigor (Thomson 
I  940),  tree  position,  dominance,  and  squirrel  damage 
(table    1).      The   diameter   of  each  sample  tree  was 


measured  in  the  fall  of  1954  and  in  spring  of   1965 
for  a  10-year  growing  period. 


Cone  Counts 

Three  classes  of  cones  werecollected  andcounted 
in  each  of  the  10  crop  years.  The  first  class  con- 
sisted of  immature  cones  cut  by  squirrels  beginning 
about  mid-June  and  ending  in  late  October  (fig.  2). 
These  collections  and  counts  were  made  at  about 
monthly  intervals.  Cones  cut  by  squirrels  were 
easily  identified  since  the  green  cone  scales  were 
chewed  off  and  the  seeds  eaten.  No  cones  or  seeds 
are  stored  by  Abert  squirrels. 

The  second  class  consisted  of  normal  undamaged 
cones.  These  cones  were  collected  and  counted  in 
the  spring  following  seed  fall.  Since  not  all  cones 
are  released  during  the  winter  months,  additional 
collections  were  made  during  the  summer  with  a 
final   collection   prior   to   the  drop  of  the  next  crop. 


Table   l.--Tree  classifications  and  descriptions  of  subclasses 


Tree 
classifications 


Description 


Age-vigor^ 
Age    II 
Age   III 
Age   IV 

Vigor  A 

Vigor  B 

Vigor  C 

Vigor  D 

Tree  position 
Isolated 
Open 

Marginal    (border) 
Interior 

Tree  dominance 
Dominant 
Codominant 
Intermediate 
Suppressed 

Squirrel  damage 
None 
Ligtit 
Medi  urn 
Heavy 


Young  "blackjacks"  of  sawtimber  size 
"Intermediates"  or  young  "yellow  pines"  (mature) 
Old  "yellow  pines"  (overmature) 

Full  vigor,  crown  55  to  70  percent  of  tree  height 
Good  to  fair  vigor,  crown  35  to  55  percent  of  tree  height 
Fair  to  poor  vigor,  crown  20  to  35  percent  of  tree  heiqht 
Very  poor  vigor,  crown  less  than  20  percent  of  tree  height 


Trees  isolated,  free  to  grow  on  all  sides 
Open  grown  trees  but  near  a  group  of  trees 
Marginal  trees  growing  on  the  edge  of  a  group 
Interior  trees  growing  inside  a  group 


Trees  with  crowns  extending  above  the  general  crown  level 

Trees  with  crowns  forming  the  general  crown  level 

Trees  shorter  but  crowns  extend  into  the  general  crown  level 

Trees  with  crowns  entirely  below  the  general  crown  level 


No  visible  crown  damage 

Some  twig  cutting  apparent  but  crowns  dense 
Moderate  twig  cutting,  noticeable  crown  thinning 
Crown  very  thin  due  to  twig  cutting 


^Based  on  Keen's  Tree  Classification  as  modified  for  the  Southwest  by  Thomson  (1940). 
Age  class  I  "young  blackjacks"  less  than  12  inches  diameter  were  not  included  in  the 
study. 


* 
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TiQuJit  2.-~Pondzfioia  pZm  conoji 
wiXh  6C(Ltu.  and  inzd  fiamove.d 
bij  kb(i>it  ^qiUnjizti,.     ¥nom  le.f,t 
to  night,   aonu,  we^ie  coULtct^d 
In   1956  on  Jam   19,   Jaly  9, 
kaQo^t  I,   and  OctobzH.  23, 
n.eAp^ct,iv^li|. 


Most  trees  shed  all  except  insect-infested  cones  within 
1  year.  Although  four  trees  consistently  retained 
a  few  cones  for  more  than  1  year,  they  introduced 
on  insignificant  error  into  yearly  totals. 

The  third  class  consisted  of  insect-infested  cones. 
These  cones  were  usually  small,  deformed,  pitchy, 
and  contained  exit  holes,  principally  of  theponderosa 
pine  cone  beetle  (Conopthorus  scopulorum  Hopk.). 
These  insect-damaged  cones  often  persisted  on  the 
tree  for  more  than  I  year,  so  the  cone  year  could 
not  be  determined  precisely. 

All  three  classes  of  cones  were  credited  to  the 
tree  from  which  they  appeared  to  have  fallen. 
Crown  shape,  tree  lean,  and  prevailing  winddirection 
were  all  considered  in  assigning  cones  to  their 
probable  source  tree.    This  tree  assignment  was  also 


facilitated  by  the  cone  crop  rating  of  heavy,  medi- 
um, light,  or  none  given  each  tree  prior  to  cone 
release. 


Twig  Counts 

Twigs  (branch  tips)  clipped  by  Abert  squirrels 
were  counted  in  May  or  early  June  of  each  year 
(figs.  3,  4).  These  clipped  twigs  bore  distinctive 
tooth  marks  on  the  cut  end,  which  made  them 
easy  to  distinguish  from  the  few  wind-broken  twigs 
found  in  the  area.  Because  twigs  fell  directly  be- 
neath the  parent  tree,  they  were  easy  to  credit 
properly.  Very  few  twigs  were  clipped  by  the 
squirrels  from  late  May  to  early  December. 


figuAz  3.--A  pondeAo6a  pine. 
t.{)ig   [lateAoZ  i,koot  on. 
bnanck  tip]  wiXh  a  com- 
leX  {undznJUZlzzd  {^zmaJLo. 
^tAob-Ubxi,  ] ,   and  a  pzeJizd 
bn.anch  itctlon.     kbwt 
i,quAMA.eJU>   {^tut  cat  0^^ 
the.  tW-ig   {^n.om  tkz  bn.andi 
■dzction,  tkzn  eat  t/ie 
tdndoji  innoJi  boAk. 


F-cguAe  4.--Cfiown  o{^  a.  pondzKoha.  plm  Pize., 
16  inches  d.b.h.,   hiiaviZy  dcmagzd  bij 

cJLippzd  zve^Kij  ijtcin.  duAlng  tho,  lO-ijaoJi  itadij. 


Prediction  of  Cone  Crops 

Each  twig  clipped  by  squirrels  was  examined 
and  the  number  of  1-vear-old  conelets  recorded 
(fig.  3).  These  conelets  would  have  matured  by 
October.  It  was  assumed  that  Abert  squirrels  clip 
twigs  without  regard  to  the  presence  of  conelets, 
and  that  similar  crown  areas  were  attacked  each 
year.  Most  twigs  appeared  to  be  cut  from  the 
upper  part  of  the  crowns.  The  ratio  of  conelet- 
bearing  to  total  clipped  twigs  was  then  related 
to  the  number  of  cones  produced  that  fall. 


figuJi^  5.-- 
A   //4-m^acAe  -ttap  ctied 
to  fiMiple.  ieed  {^ciJJi. 


Seed  Counts 

Fifty  seed  traps,  each  3.3  feet  square  (1/4 
milacre),  were  randomly  located  on  the  plot  in  1956 
(fig.  5).  Seeds  caught  in  the  traps  were  counted 
each  of  the  10  years.  Seed  quality  was  determined 
in  some  years  by  floating  off  the  hollow  seeds  in 
acetone.  Germination  tests  were  made  on  three 
crops.  The  time  of  seed  fall  was  determined  for 
the  1965  crop  by  counting  the  trapped  seed  fre- 
quently after  the  cones  started  to  open. 


Results  and  Discussion 
Types  of  Trees  Bearing  Cones 

The  largest  trees  produced  the  most  cones. 
Trees  36  to  40  inches  d.b.h.  averaged  446  cones 
per  tree  per  crop,  compared  to  six  cones  produced 
by  trees  12  to  16  inches  d.b.h.  (table  2).  Tree 
diameter  accounted  for  about  94  percent  of  the 
variation  in  cone  production  (average  annual  cone 
production  per  tree  =  -299.82  +  1  8. 1  9  d.b.h.).  Trees 
under  24  inches  d.b.h.  at  Fort  Valley  averaged  less 
than  100  cones  per  crop,  which  was  similar  to  the 
results  obtained  for  ponderosa  pine  in  California 
(Fowells  and  Schubert  1956).  However,  trees  36  to 
40  inches  d.b.h.  produced  about  twice  as  many 
cones    as   California   trees   in   tl,e   same   size   class. 

Largest  cone  crops  occurred  on  trees  that  were 
free  to  grow  on  all  sides  (table  2).  These  trees, 
classified  as  "isolated,"  averaged  274  cones  per 
crop  compared  to  42  for  "interior"  trees  within  a 
group.   Pearson  (1912,  1923)  also  noted  the  superior 
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Table  2. --Distribution  of  trees  and  cone  production  by  several    classification 
criteria  on  the   10-acre  Fort  Valley  Experimental    Forest  plot  during  the 
10-year  period,   1956-65 


Crops  wi 

th  per- 

Average 

Total 

tree  average 

annual 

Cla 

Bsifi cation 

Trees 

cones 
produced 

greater 

than: 

cone 

5 

100 

production 

cones 

cones 

per  tree 

-     -     - 

-     -     -     -  Number  -     - 

-     -     - 

-     - 

DIAMETER   (Inches) 

12 

-16 

34 

1,922 

2.1 

0.1 

6 

16 

-20 

51 

10,461 

4.5 

.6 

21 

20 

-24 

55 

41,238 

7.7 

2.1 

75 

24 

-28 

62 

86,485 

8.7 

3.6 

139 

28 

-32 

26 

56,791 

9.3 

4.4 

218 

32 

-36 

11 

33,704 

9.7 

5.7 

306 

36 

-40 

2 

8,929 

10.0 

6.5 

446 

AGE-VIGOR 

II 

D 

13 

1,915 

2.4 

.4 

15 

C 

37 

8,859 

4.4 

.7 

24 

B 

34 

13,149 

5.0 

1.1 

39 

A 

5 

2,363 

6.2 

1.4 

47 

III 

D 

28 

15,246 

6.6 

1.8 

54 

C 

47 

56,445 

8.1 

3.0 

120 

B 

36 

63,313 

8.7 

3.8 

176 

A 

7 

12,911 

9.7 

4.4 

184 

IV 

D 

4 

2,789 

8.2 

2.0 

70 

C 

18 

22,555 

8.1 

3.2 

125 

B 

10    . 

31,011 

9.8 

5.6 

310 

A 

2 

8,964 

10.0 

6.5 

448 

STAND 

DENSITY 

In 

terior 

50 

21,059 

5.5 

1.2 

42 

Ma 

rginal 

135 

121,885 

6.8 

2.2 

90 

Op 

2n 

49 

77,395 

7.9 

3.5 

158 

Isolated 

7 

19,191 

8.3 

5.0 

274 

SQUIRREL   DAMAGE 

He 

avy 

25 

13,470 

-- 

-- 

54 

Medium 

48 

47,632 

-- 

— 

99 

Li 

ght 

156 

158,692 

-- 

-- 

102 

None 

12 

19,736 

-- 

-- 

164 

TREE 

DOMINANCE 

Su 

ppressed 

30 

3,061 

3.4 

1.7 

10 

In 

termediate 

53 

22,546 

5.3 

1.2 

43 

Codominant 

67 

58,932 

7.3 

2.4 

88 

Do 

Tiinant 
or  Average 

91 

154,991 

8.4 

3.8 

170 

Total 

241 

239,530 

-- 

-- 

99 

Note:    "--"  indicates  negligible. 


cone  productivity  of  isolated  trees  over  those  growing 
within  a  stand.  Due  to  their  greater  numbers, 
"marginal"  trees  around  the  exterior  of  stands  pro- 
duced the  greatest  quantity  of  cones. 


Dominant  trees  bore  the  most  cones  (table  2). 
They  rate  this  distinction  on  both  a  stand  and  on 
individual-tree  basis.  Since  the  dominant  trees 
were    also   largest   in   diameter,    port   of   this   extra 
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cone  production  must  be  related  to  their  superior 
size.  For  example,  when  the  effect  of  tree  diameter 
was  held  constant  in  a  least-squares  analysis,  the 
differences  in  cone  production  between  dominance 
classes  was  less  pronounced.  In  an  even-aged 
stand,  dominance  may  have  a  much  greater  inde- 
pendent effect  than  in  an  all-aged  stand  where 
shorter  trees  on  the  edge  of  a  group  often  have 
large  cone-bearing  crowns. 

Trees  with  the  least  amount  of  squirrel  damage 
bore  the  most  cones  (table  2).  Trees  with  undam- 
aged crowns  produced  over  three  times  as  many 
cones  per  crop  as  trees  with  heavy  crown  damage. 
Nearly  65  percent  of  the  trees  had  light  squirrel 
damage,  and  they  produced  66  percent  of  the  10- 
year  total. 

Cone  production  varied  significantly  among  age- 
vigor  classes  (table  2,  fig.  6).  The  largest  crops  per 
tree  were  borne  by  the  oldest,  most  vigorous  trees; 
thus  the  older  "yellow  pines"  (age  class  IV)  of 
good  vigor  were  excellent  producers.  The  poorest 
producers   were   age   class   II  "blackjack"  trees  and 
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trees  of  poor  vigor.  On  a  stand  basis,  trees  classi- 
fied IIIA  and  IIIB  produced  the  most  cones,  partly 
due  to  their  greater  occurrence.  Although  ponderosa 
pines  can  produce  cones  at  age  16  and  continue  to 
produce  at  age  350  (Curtis  1955),  it  is  the  large, 
mature  trees  that  produce  the  heavy  crops. 

The  record  total  10-year  production  by  an  indivi- 
dual tree  was  5,677  cones.  This  tree,  33.6  inches 
d.b.h.  and  age-vigor  class  IVB,  also  produced  the 
most  cones  in  a  single  year,  1,887  in  1960. 


Size  of  Annual  Cone  Crops 

The  annual  production  of  undamaged  cones 
varied  from  80  to  7,046  per  acre  (table  3).  The 
greatest  number  of  cones,  a  "bumper"  crop,  was 
produced  in  1960.  Based  on  an  average  of  37 
good  seeds  per  cone,  this  "bumper"  crop  was  equiv- 
alent to  263,000  seeds  per  acre  (about  22  pounds). 
Data  are  unavailable  for  a  direct  comparison  with 
the  1918  seed  crop,  but  based  on  Pearson's  ( 1 950) 
estimate  of  a  seed  to  seedling  ratio  of  100:1,  the 
1918  crop  may  have  been  up  to  four  times  greater 
than  the  1960  seed  crop. 

Cone  crops  in  1956  and  1965  were  rated  as 
large  (table  3),  but  were  about  half  the  bumper 
crop  in  1960.  Cone  crops  were  small  in  5  of  the 
1  0  years. 


Frequency  of  Good  Cone  Crops 

Large  ponderosa  pine  cone  crops  have  been  ob- 
served on  the  Coconino  and  Kaibab  National  Forests 
in  1913,  1918,  1927,  1936,  1942,  1945,  1954,  1956, 
1960,  and  1965.  Therefore,  during  this  52-year 
period,  large  cone  crops  occurred  at  intervals  of 
about  5  years. 


Frequency    of    Cone    Bearing    by    Individual    Trees 

During  the  10-year  period,  nearly  all  trees  pro- 
duced at  least  one  cone;  only  6  percent  of  the  trees 
produced  fewer  than  100  cones.  On  the  other 
hand,  65  percent  of  the  trees  produced  at  least 
one  crop  that  exceeded  100  cones,  and  95  percent 
had  at  least  one  crop  that  exceeded  five  cones. 
Forty  trees  (16.6  percent)  had  five  or  more  crops 
that  exceeded  100  cones  per  tree,  while  seven 
trees  produced  eight  such  crops. 


Table   3. --Annual    ponderosa  pine  cone  production   per  acre,  number  of  trees  bearing  more  than  5 
and  more  than   100  cones,   and  number  of  cones   destroyed  by  Abert  squirrels  on   the   10-acre 
Fort  Valley  plot 


Trees  bearing 
more  than: 


Year 


Total  cones 
per  acre 


Number 


Cones  destroyed 
by  squirrels 


Undamaged 
cones 


5 
cones 


100 
cones 


Number 


Percent 


Number 


-     -  Percent 


Cone  crop 
rating! 


1956 

4,503 

870 

19.3 

3,633 

83 

52 

Large 

1957 

2,675 

806 

30.1 

1,869 

85 

23 

Medium 

1958 

741 

194 

27.5 

547 

67 

5 

Smal  1 

1959 

316 

236 

74.7 

80 

36 

2 

Small 

1960 

7,521 

475 

6.3 

7,046 

90 

59 

Bumper 

1961 

936 

3 

.3 

933 

65 

10 

Small 

1962 

464 

310 

66.9 

154 

54 

2 

Small 

1963 

1,792 

1,137 

63.5 

655 

56 

20 

Small 

1964 

1,691 

648 

38.4 

1,043 

64 

17 

Medium 

1965 

3,730 

403 

10.8 

3,327 

78 

48 

Large 

Average 

2,437 

508 

20.9 

1,927 

68 

24 

^Based  on  production  of  undamaged  cones  as   follows:   small,   less  than   1,000;  medium,   1,000  to 
3,000;    large,   3,000  to  6,000;   bumper,   greater  than  6,000. 


The  greatest  number  of  trees  bore  cones  during 
the  1960  bumper  seed  year.  In  that  year,  90  per- 
cent of  the  trees  bore  at  least  five  cones  and  59 
percent  bore  at  least  100  cones  (table  3). 

Frequency  of  cone  bearing  was  strongly  corre- 
lated with  tree  diameter  (table  2).  The  correlation 
coefficient  of  frequency  to  diameter  was  0.94  for 
crops  exceeding  five  cones  per  tree  and  0.99  for 
those  exceeding  100  cones.  Individual  trees  over 
28  inches  in  diameter  averaged  9.7  crops  over  five 
cones  and  5.5  crops  over  100  cones  during  the 
10-year  period.  In  contrast,  trees  under  20  inches 
d.b.h.  averaged  only  3.3  crops  over  five  cones  and 
0.4  crop  over  100  cones. 

Frequency  of  cone  bearing  also  increased  with 
increased  growing  space  (table  2).  Isolated  trees 
had  the  greatest  number  of  crops,  while  interior 
trees  had  the  least. 

Comparisons  by  dominance  classes  showed  that 
dominant  trees  bore  cones  more  frequently  than 
other  classes.  Although  a  few  intermediate  and 
suppressed  trees  bore  cone  crops  exceeding  100 
cones  per  tree,  the  low  frequency  rate  indicates 
that  these  trees  are  poor  cone  producers. 

Cone  crop  frequency  increased  with  age,  but 
decreased  with  decreased  tree  vigor  (table  2).  In 
general,  IVA  trees  produced  a  large  crop  most 
frequently  and  IID  trees  the  least.  Only  IVA  and 
iVB    trees  produced  large  crops  over  50  percent  of 


the  time.  None  of  the  class  II  "blackjacks"  contrib- 
uted much  to  the  three  large  cone  crops  during 
the  1  0-year  period. 

Cones  Destroyed  by  Squirrels 

The  proportion  of  cones  cut  by  Abert  squirrels 
varied  significantly  during  the  period  1956-65  (table 
3).  The  number  of  cones  cut  varied  from  3  per 
acre  in  1961  to  1,137  in  1963.  The  proportion 
of  the  cone  crop  cut  by  squirrels  varied  from  0.3 
percent  in  1961  to  74.7  percent  in  1959. 

The  number  of  cones  cut  by  squirrels  was  not 
closely  related  to  the  size  of  the  total  crop.  The 
medium  cone  crop  in  1963  was  reduced  too  small 
crop  when  squirrels  cut  over  double  their  yearly 
average.  Ingeneral,  a  higher  proportion  of  the  crop 
was  cut  during  poor  than  during  good  seed  years. 
Heavy  losses  of  ponderosa  pine  cones  to  tree  squir- 
rels have  been  reported  in  Colorado  (Roeser  1941), 
Idaho  (Squillace  1953),  and  California  (Fowells  and 
Schubert  1956). 

Abert  squirrels  reduced  the  total  10-year  cone 
production  at  Fort  Valley  by  21  percent  (table  3). 
In  addition,  many  conelets  and  flower  buds  were 
destroyed  when  squirrels  clipped  twigs  for  food. 
Although  the  loss  by  twig  clipping  averaged  only 
22  conelets  per  acre,  it  raised  the  total  destroyed 
by    an    extra    1    percent.      Squillace  (1953)  reported 
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a  9  percent  loss  of  conelets  due  to  twig  clipping 
by  squirrels  in  Idaho. 

Cone  cutting  by  squirrels  was  strongly  correlated 
(r  =  0.980)  with  number  of  cones  per  tree.  The 
largest  trees  produced  and  lost  the  most  cones 
(fig.  7).  Although  small  trees  lost  a  higher  pro- 
portion of  their  cones,  the  large  trees,  with  more 
cones  available,  lost  the  most. 

Cone  cutting  varied  widely  among  trees.  Some 
trees  lost  no  cones  while  some  lost  80  percent. 
The  highest  number  cut  from  a  single  tree  was 
1,293  cones  in  1964.  Several  trees  lost  over  half 
of  their  total  10-year  production  to  squirrels,  while 
other  trees  produced  several  thousands  of  conesand 
lost  less  than  10  percent. 

No  reason  was  found  for  this  preference  of 
cones   from   one   tree   to   another.  In  this  study, 

the    portion     of    cones    lost    to    squirrels    was    not 

Ralph  A.  Read  found  that  jackrabbits 
seemed  to  prefer  trees  from  certain  seed 
sources  in  his  provenance  study.  (Unpublished 
data  on  file  at  Rocky  Mt.  Forest  and  Range  Exp. 
Sta. ,    U.    S.    Forest   Serv . ,    Lincoln,    Nebr.) 


affected  by  age-vigor,  ground  position,  dominance, 
or  squirrel  damage  to  crowns.  Tree  nutrition  may 
be  a  factor.  Asher  (1963)  reported  that  squirrels 
preferred  the  cones  of  fertilized  slash  pine  trees 
over  those  of  unfertilized  trees. 

Cone  cutting  can  be  prevented  by  placing  an 
18-inch-wide  metal  band  around  the  trunks  of  seed 
trees  (Tackle  1957,  Krugman  and  Echols  1963).  The 
bands  prevent  the  squirrels  from  climbing  thetrunks, 
but  the  tree  crown  must  also  be  at  least  7  feet 
from  that  of  unbonded  trees.  Control  of  squirrel 
populations  by  hunting  has  been  of  limited  success. 
Goshawks  may  be  a  predator  of  squirrels  in  some 
areas  (Reynolds  1963). 


Cones  Infested  by  Insects 

From  1958  through  1964,  3,404  cones  were 
found  to  infested  with  insects.  Insect-infested  cones 
were  not  included  in  the  yearly  totals  because 
they  often  persist  for  more  than  1  year.  They 
would  have  increased  the  total  number  of  cones  by 
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Table  4. --Annual    ponderosa  pine  seed  production,  estimated  seed  production,   and  twig   cutting  by  Abert 

squirrels  on  the   10-acre  Fort  Valley  plot 


Year 


Total  seed 
in  traps^ 


Filled 
seed^ 


Estimated  total 

seed  production 

per  acre 


Twigs  cut  by  squirrels  (oer  acre' 


Total 


With  conelets 


Conelets 
per  twig 


Number 


Percent 


Number 


Number 


Number 


Percent 


^Fifty  traps,  each  3.2  x  3.2  feet  or  1/4  milacre. 

^Seeds  placed  in  acetone  and  "sinkers"  counted  as  filled. 

Note:  "--"  indicates  not  measured. 


Number 


1956 

1,331 

106,480 

286 

31 

10.7 

1.6 

1957 

688 

— 

55,040 

605 

37 

6.1 

1.7 

1958 

16 

— 

1,280 

595 

5 

.9 

1.3 

1959 

13 

— 

1,040 

357 

2 

.6 

1.4 

1960 

3,292 

81 

253,360 

231 

23 

10.0 

1.7 

1961 

69 

45 

5,520 

592 

12 

2.0 



1962 

37 

22 

2,960 

140 

3 

2.2 

1.7 

1963 

271 

17 

21,680 

125 

5 

4.2 

1.7 

1964 

185 

10 

14,800 

154 

10 

6.2 

1.7 

1965 

1,568 

65 

125,440 

136 

10 

7.0 

1.8 

Average 

747 

40 

59,760 

322 

13.8 

5.0 

1.6 

2.5  percent,  however.  Fifteen  of  the  241  study 
trees  accounted  for  63  percent  of  the  total  infested 
cones.  These  "insect  preferred"  trees  were  charac- 
teristically dominant  or  open  grown,  and  averaged 
28  inches  d.b.h.,  5  inches  larger  than  the  average 
for  the  plot. 

Larvae  of  the  cone  beetle  (Conopthorus  scopu- 
lorum  Hopk.)  were  found  in  infested  cones,  but 
other  cone  insects  may  also  have  been  present. 
Pearson  (1950)  reported  that  cone  beetles  are 
especially  serious  pests  in  the  lower  portions  of  the 
pine  type,  where  they  have  completely  destroyed 
cone  crops.  A  method  to  control  cone  beetles  on 
ponderosa  pine  has  not  been  developed,  but  the 
systemic  insecticide  "bidrin"  implanted  in  trunks 
gave  good  control  of  cone  insects  in  slash  pine 
(Merkel  1969). 


Tv/ig  Cutting  by  Abert  Squirrels 

Squirrels  clipped  from  125  to  605  twigs  per 
acre  annually  (table  4).  It  is  not  known  how  many 
twigs  were  available  for  clipping.  Relatively  few 
were  clipped  during  the  final  4  years  of  the  study. 

Trees  with  "heavy"  crown  damage  in  1956  con- 
tinued to  be  heavily  clipped  throughout  the  study. 
These  trees  lost  an  overage  of  33  twigs  per  year, 
compared  to  four  twigs  per  year  for  trees  with  little 
to   no   crown    damage.      Twig    clipping    by    squirrels 


was  similar  among  trees  with  respect  to  tree  posi- 
tion, dominance,  diameter,  and  age-vigor  class. 

The  most  severe  twig  clipping  sustained  by  an 
individual  tree  totaled  1,869  twigs  for  the  10-year 
period.  This  tree,  23.1  inches  d.b.h.  and  of  age- 
vigor  class  INC,  lost  656  twigs  in  1959,  a  record 
number  during  a  single  year.  The  squirrel  popu- 
lation at  Fort  Valley  was  very  high  from  1940 
to  1945  (Keith  1965),  and  Pearson  ( 1  950)  observed 
that  it  was  not  unusual  to  find  as  many  as  1,000 
twigs  under  a  single  tree.  Pearson  (1950)  also 
noted  decreased  diameter  growth  of  individual  trees 
severely  damaged  by  squirrels.  During  the  present 
study,  one  tree  just  outside  the  plot  boundary  died 
after    repeated    heavy    twig    clipping    by    squirrels. 

Every  tree  in  the  study  area  was  "tasted"  by 
squirrels  at  least  once  during  the  10-year  period. 
Occasionally,  individual  trees  suffered  heavy  twig 
clipping  in  1  year,  but  then  were  virtually  ignored 
in  other  years.  Repeated  clipping  of  the  same  tree 
year  after  year  was  the  rule,  however:  one-third 
of  the  total  twigs  clippea  during  the  study  came 
from  only  1  3  trees. 

One  might  expect  the  number  of  twigs  clipped 
each  year  would  be  related  to  the  number  of  cut 
cones,  and  that  these  yearly  cuttings  of  twigs  and 
cones  would  indicate  trends  in  the  size  of  the 
squirrel  population  of  the  area.  However,  the  num- 
ber of  clipped  twigs  (table  4)  was  not  related  to  the 
number  of  cut  cones  (table  3)  and  neither  of  these 
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may  accurately  reflect  the  size  of  the  current 
squirrel  population.  The  twigs  are  clipped  during 
the  winter  and  spring,  while  the  cones  are  cut 
during  the  summer  and  fall.  Individual  Abert  squir- 
rels range  over  about  18  acres  during  the  summer 
but  only  5  acres  during  the  winter  (Keith  1965). 
Thus,  the  squirrel  population  of  the  surrounding  area 
would  largely  determine  the  degree  of  cone  and 
twig  clipping  within  the  10-acre  study  plot.  A  high 
winter  mortality  of  a  large  squirrel  population  could 
result  in  many  clipped  twigs  but  few  cut  cones  the 
following  summer.  Also,  the  area  was  open  to 
squirrel  hunting  each  fall. 

The  percentage  of  cut  twigs  with  one  or  more 
conelets  ranged  from  0.6  to  10,7  percent  (table 
4).  The  number  of  conelets  per  conelet-bearing 
twig  usually  averaged  1.6  to  1.8. 


Prediction  of  Size  of  Cone  Crops 

The  percentage  of  twigs  with  conelets  found  each 
spring  was  related  to  the  size  of  the  cone  crop  that 
followed  (fig.  8).  When  7  percent  or  more  of  the 
twigs  bore  conelets,  large  cone  crops  followed, 
whereas  a  low  percentage  of  conelet-bearing  twigs 
always  preceded  small  crops.  The  approximate 
number  of  cones  per  tree  can  be  estimated  from 
figure  8  by  dividing  the  number  of  cones  per  acre 
(Y-axis)  by  the  number  of  trees  per  acre  bearing 
cones.  In  our  study,  an  average  of  25  trees  per 
acre  bore  cones  during  the  10-year  period. 

In  the  construction  of  figure  8,  the  number  of 
cones  cut  by  squirrels  was  included  in  the  total 
cones,  since  yearly  depredations  vary  widely.  When 
only  the  number  of  cones  that  survived  to  maturity 
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were  considered,  the  relationship  with  the  yearly 
percentage  of   twigs   with   conelets   was   less  close. 

Prediction  of  seed  crops  by  counting  conelets 
(ovulate  strobili)  on  selected  branches  or  trees  has 
been  attempted  with  larch  (Roe  1966),  longleaf 
pine(Shoulders  1967),  loblolly  pine  (Trousdell  1950), 
pinyon  (Little  1939),  Douglas-fir  (Allen  1941,  Roeser 
1942),  red  pine  (Lester  1967),  and  ponderosa  pine 
(Roeser  1941,  Maguire  1956).  Results  ranged  from 
very  good  to  poor.  In  general,  crop  failures  and 
light  crops  were  predicted  with  considerable  success, 
but  predicted  heavy  crops  often  failed  because  the 
conelets  died  before  they  matured. 

Mortality  of  conelets  is  greatest  during  the  first 
growing  season  after  emergence;  losses  average 
64  percent  in  ponderosa  pine  (Roeser  1941),  60 
percent  in  red  pine  (Lester  1967),  and  87  percent 
during  one  season  in  slash  pine  (Merkel  1961). 
Unfavorable  weather  and  insects  were  the  major 
causes  of  conelet  mortality.  It  appears  that  large 
crops  can  be  accurately  predicted  only  whenconelets 
are  counted  after  the  first  growing  season  (as  in  this 
study)    and    when   cone   cutting    by   squirrels  is  low. 
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Some  investigators  have  predicted  cone  crops 
on  the  basis  of  temperature.  For  example,  Maguire 
(1956)  found  that  above-average  temperatures  in 
April  and  May  stimulated  flowering  the  following 
spring,  and  Daubenmire  (1960)  also  reported  that 
above-average  temperature  during  the  summer  that 
flower  initials  are  formed  improved  cone  production 
2  years  later.  No  attempt  was  made  in  our  study 
to  relate  weather  data  with  cone  production. 


Correlations 

The  10-year  cone  production  of  individual  trees 
was  significantly  correlated  with  the  percentage  of 
twigs  with  conelets  (r  =  0.429**),  although  the  r^ 
is  only  18  percent.  The  following  measurements 
were  not  significantly  correlated  at  the  5  percent 
level:  total  cones  vs  total  twigs;  total  twigs  vs 
percent  twigs  with  conelets;  total  twigs  vspercentage 
of  cones  cut  by  squirrels;  percent  twigs  with  conelets 
vs  percentage  of  cones  cut  by  squirrels;  and  total 
cones  vs  percentage  of  cones  cut  by  squirrels. 
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Seed  Dissemination 

Seed  fall.  — Seed  fall  per  acre  ranged  from 
263,360  in  1960  to  only  1,040  in  1959  (table  4). 
Seed  fall  exceeded  100,000  seeds  per  acre  when 
production  of  undamaged  cones  exceeded  3,000  per 
acre.  A  good  linear  relationship  was  found  between 
the  yearly  seed  fall  and  the  number  of  undamaged 
cones  produced  (Y  =  -14.20  +  38.35x  with  an 
r  2=  0.979)  (fig.  9).  The  relation  between  seed  fall 
sample  and  the  cone  estimate  in  California  was 
curvilinear  when  the  number  of  cones  wasestimated 
on  standing  trees  (Powells  and  Schubert  1956). 

The  annual  seed  fall  per  acre  was  also  related 
to  the  percent  of  conelet-bearing  twigs  (r  =  0.801). 
The  regression  equation  is  Y  =  -33.732  +  18.736x, 
but  since  the  standard  error  of  estimate  (S  y-x) 
is  high  (53,776),  it  should  not  be  used  to  predict 
seed  fall. 

No  information  was  obtained  on  seed  flight 
and  distribution.  We  know,  however,  that  ponderosa 
pine  trees  do  not  effectively  disseminate  seeds  over 
extensive  areas  (Powells  and  Schubert  1  956).  Siggins 
(1933)  measured  the  rate  of  fall  of  various  lots  of 
seed  of  several  species  in  still  air.  Prom  these  rates 
of  fall  and  an  assumed  tree  height,  the  flight  of 
seeds  for  various  wind  velocities  can  be  calculated. 
Por  example,  ponderosa  pine  seeds  fall  15.2  feet 
per  second  in  still  air.  Seed,  falling  100  feet  with 
o  uniform  wind  of  10  miles  per  hour,  would  travel, 
on  the  average,  about  294  feet  horizontally.  Barrett 
(1966)  has  recommended  that  ponderosa  pine  clear- 
cuts  should  not  exceed  5  chains  in  width. 

The  study  area  was  well  stocked  with  trees,  but 
few,  if  any,  seedlings  became  established  during 
the  10-year  study.  The  heavy  seed  fall  of  I960 
resulted  in  a  literal  carpet  of  new  seedlings  the 
following  summer,  but  nearly  all  died  during  the 
ensuing  winter  and  spring  drought. 

Seed  quality.  — The  largest  cone  crops  produced 
the  best  quality  seeds.  The  large  crops  in  1960  and 
1965  produced  seeds  that  were  at  least  65  percent 
filled,  compared  to  10  to  45  percent  for  the  smaller 
crops  (table  4).  Por  the  1965  crop,  72  percent  of 
the  seeds  that  fell  before  December  6  were  filled, 
compared  to  only  54  percent  for  seeds  that  fell 
after  that  date.  The  average  weight  of  filled  early- 
and  late-fallen  seeds  was  the  same  (37  mg.),  and 
germinated  similarly  (63  and  64  percent,  respec- 
tively). In  1956,  91  percent  of  filled  seeds  ger- 
minated when  planted  in  a  greenhouse. 


In  California,  the  percentage  of  filled  ponderosa 
pine  seeds  was  also  highest  (72  to  79  percent) 
during  years  of  heavy  cone  crops  (Powells  and 
Schubert  1956).  Other  researchers  have  also  noted 
that  the  first-fallen  seeds  are  the  most  viable  in 
this  species  (Squillace  and  Adams  1950,  Curtis  and 
Poiles  1961,  Powells  and  Schubert  1956).  Curtis 
(1955)  noted  that  ponderosa  pine  seeds  from  trees 
60  to  1  60  years  old  in  the  northern  Rocky  Mountains 
were  more  viable  than  seeds  from  younger  or  older 
trees.  Pearson  (1923)  found  no  differences  in  seed 
viability    for    trees    16    to    34    inches   in   diameter. 

Time  of  seed  fall.  — Seeds  in  the  seed  traps  were 
counted  frequently  as  the  1965  crop  fell,  except 
when  the  traps  were  under  snow.  By  October  26, 
only  0.5  percent  of  the  current  seed  crop  had  fallen. 
By  December  6,  64  percent  had  fallen,  and  by 
April  1,  1966,  95  percent  of  the  total  crop  had 
fallen.  Hence,  nearly  all  seeds  were  shed  in  time 
to  germinate  the  following  summer.  However, 
26  percent  of  the  1960  seed  crop  fell  between 
July  1  and  September  26,  1961.  No  reason  for 
this  late  seed  fall  is  known,  but  similar  occurrences 
may  explain  the  occasional  "delayed"  germination 
of  seed  crops  reported  by  Pearson  (1950).  More 
observations  are  needed  to  determine  variations  in 
the  time  of  seed  fall  in  the  Southwest. 

In  California,  Powells  and  Schubert  ( 1  956)  noted 
that  strong,  dry  winds  hastened  seed  fall,  and  that 
the  majority  of  ponderosa  pine  seeds  usually  fell 
during  October  and  November.  In  1  year,  however, 
these  authors  observed  that  33  percent  of  the  seed 
crop  fell  between  November  and  August.  In  Idaho, 
seed  fall  from  a  heavy  cone  crop  was  52  percent 
complete  by  September  1  5,  and  90  percentcomplete 
by  October  22  (Curtis  and  Poiles  1961). 


Number  of  seeds  per  cone.— Cones  averaged 
31  seeds  each,  and  the  number  of  seeds  per  cone 
increased  with  the  size  of  the  cone  crop.  The  five 
smallest  cone  crops,  each  less  than  1,000  cones 
per  acre,  averaged  only  14  seeds  per  cone  com- 
pared to  33  for  the  five  crops  that  exceeded  1,000 
cones  per  acre.  This  is  considerably  less  than  the 
70  seeds  per  cone  reported  for  ponderosa  pine  in 
California  (Powells  and  Schubert  1956)  and  64  to 
92  seeds  per  cone  for  this  species  in  Idaho  (Curtis 
and  Lynch  1957). 
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Silvicultural  Considerations  and  Conclusions 

Healthy,  mature  trees  with  exposed  crowns  and 
of  large  diameter  are  usually  the  best  seed  pro- 
ducers. Past  fruitfulness,  as  indicated  by  the  accu- 
mulation of  old  cones  under  a  tree,  is  a  good  cri- 
terion for  choosing  seed  trees  (Downs  1947,  Powells 
and  Schubert  1956,  Pearson  1950).  Also,  cone  pro- 
duction is  a  highly  heritable  trait  (Matthews  1963). 
Therefore,  the  best  trees  to  retain  for  seed  pro- 
duction are  those  which: 

1 .  Are  about  24  to  28  inches  in  diameter. 

2.  Are  dominant  or  free  to  grow. 

3.  Have  a  vigor  class  rating  of  A  or  B. 

4.  Are  free   of   disease   or   heavy  squirrel  damage. 

5.  Show    evidence   of   having   produced   good   cone 
crops. 

6.  Have  straight  boles. 

7.  Have  medium  to  small  branches. 

The  number  of  seed  trees  needed  to  insure 
an  adequate  seed  supply  for  regeneration  cannot 
be  stated  with  certainty.  The  periodicity  of  cone 
production  was  amply  demonstrated  during  the 
present  study.  Large  yearly  variation  in  cone  losses 
to  squirrels  and  insects,  and  the  consumption  of 
seed  on  the  ground  by  rodents  and  birds,  make  it 
almost  impossible  to  determine  what  an  ""adequate" 
seed  supply  is.  After  seeds  germinate,  drought 
and  frost  heaving  can  wipe  out  the  entire  seed- 
ling crop  (Larson  1960,  1961). 

In  the  Southwest,  Pearson  (1950)  somewhat  arbi- 
trarily recommended  that  six  seed  trees  18  inches 
d.b.h.  or  larger  be  left  per  acre  after  harvest. 
Results  of  the  present  study  indicate  that,  if  these 
trees  are  chosen  with  care,  they  could  average 
200  cones  per  year  over  a  5-year  period.  The  total 
seed  fall  would  be  about  144,000  seeds,  and  of 
these,  an  estimated  72,000  (50  percent)  would  be 
sound.  Pearson  (1950)  concluded  that  one  seed 
in  100  survives  to  produce  a  seedling  on  moderately 
favorable  sites.  Thus,  a  final  stocking  of  720  trees 
per  acre  would  result.  It  must  be  emphasized, 
however,  that  reliable  guidelines  must  await  the 
results  of  several  harvest  cuts. 

Presently,  planting  seedlings  on  prepared  sites 
is  a  much  more  certain  way  to  establish  new  stands 
in  the  area  adjacent  to  the  Fort  "Galley  Experimental 
Forest  (Heidmann  1963).  Another  advantage  of 
planting  is  that  new  stands  may  be  genetically 
superior  to  thoseobtainedfrom  natural  regeneration, 
if  seed  sources  of  planting  stock  are  properly 
selected. 


Abert  squirrels  are  extremely  destructive  tocone 
crops.  These  squirrels  destroyed  more  than  20  per- 
cent of  the  total  10-yeur  cone  production.  Also, 
we  observed  that  only  the  largest  and  best  cones 
were  taken  by  squirrels.  Their  twig-clipping  activi- 
ties are  less  destructive,  and  the  loss  of  conelets 
was  not  considered  serious.  The  squirrel  population 
during  the  study  was  rated  low,  however;  high 
squirrel  populations  may  well  preclude  an  adequate 
seed  supply  for  natural  regeneration  in  all  but 
""bumper"  crop  years. 

Cone  losses  to  insects  were  not  serious  during 
the  study. 

The  size  of  cone  crops  was  closely  related  to 
the  number  of  conelet-bearing  twigs  clipped  by 
squirrels  the  previous  winter  and  spring  seasons. 
Therefore,  the  relative  size  of  crops  can  probably 
be  predicted  on  any  area  where  squirrels  clip  twigs. 
Conelets  abort  mostly  during  the  first  growing  season 
rather  than  during  the  following  dormant  season 
(Roeser  1941).  Thus,  the  size  of  the  conelet  crop 
in  October  may  accurately  reflect  the  size  of  the 
cone  crop  a  year  later.  Squirrels  clip  twigs  after 
October,  however,  so  the  abundance  of  conelets 
must  be  determined  from  branch  samples  or  by 
use  of  binoculars.  Prediction  of  crops  1  year  in 
advance,  if  reliable,  would  greatly  aid  in  planning 
for  seed-collection  programs  and  site-preparation 
measures  to  obtain  natural  regeneration. 
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USE    PESTICIDES    CAREEULLY! 

This  publication  reports  research  involving  pesticides.  It  does  not  contain  recom- 
mendations for  their  use,  nor  does  it  imply  that  the  uses  discussed  here  have 
been  registered.  All  uses  of  pesticides  must  be  registered  by  appropriate  State 
and^or  Eederal  agencies  before  they  can  be  recommended. 

Pesticides     can    be    injurious    to    humans,    domestic    animals,    desirable    plants, 

honeybees   and  other  pollinating  insects,   and  fish  or  other  wildlife if  they  are 

not  handled  or  applied  properly.  Use  all  pesticides  selectively  and  carefully. 
Follow  recommended  practices  for  the  disposal  of  surplus  pesticides  and  their 
containers. 
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As  our  Nation  grows,  people  expect  and  need  nnore  from  their 
forests— more  wood,  more  water,  fish  and  wildlife;  more  recreation 
and  natural  beauty;  more  special  forest  products  and  forage.  The 
Forest  Service  of  the  U.  S.  Department  of  Agriculture  helps  to 
fulfill  these  expectations  and  needs  through  three  major  activities: 

•  Conducting  forest  and  range  research  at  over  75  locations 
ranging  from  Puerto  Rico  to  Alaska  to  Hawaii. 

•  Participating  with  all  State  forestry  agencies  in  cooperative 
programs  to  protect,  improve,  and  wisely  use  our  Country's 
395   million   acres  of  State,  local,  and  private  forest  lands. 

•  Managing  and  protecting  the  187-million  acre  National 
Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the  new 
knowledge  that  research  scientists  develop;  by  setting  an  example 
in  managing,  under  sustained  yield,  the  National  Forests  and 
Grasslands  for  multiple  use  purposes;  and  by  cooperating  with  all 
States  and  with  private  citizens  in  their  efforts  to  achieve  better 
monagement,  protection,  and  use  of  forest  resources. 

Traditionally,  Forest  Service  people  have  been  active  members 
of  the  communities  and  tov/ns  in  which  they  live  and  work.  They 
strive  to  secure  for  all,  continuous  benefits  from  the  Country's 
forest  resources. 

For  more  than  60  years,  the  Forest  Service  has  been  serving 
the    Nation    as    a    leading    natural    resource   conservation    agency. 
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INSECTS  and  MITES 
ASSOCIATED  WITH 
DWARF  MISTLETOES 


By  Robert  E.  Stevens 
Frank  G.  Hawksworth 


y  Mountain  Forest  S  Range  Experiment  Station 
St   Service  U.S.  Department  of  Agriculture 

Fort    Collins.     Colorado  80521 


Abstract 

Three  main  ecological  relationships  are  recognized  between 
arthropods  and  dwarf  nnistletoes(Arceuthobium  spp.);  thearthropods 
pollinate  and  feed  on  the  dwarf  mistletoes,  and  mistletoe  infec- 
tion may  predispose  trees  or  parts  of  trees  to  attack  by  insects, 
especially  bark  beetles  (Scolytidae).  Diptera,  Hymenoptera,  and 
Thysanoptera  are  the  main  pollinators.  Larvae  of  Lepidoptera 
are  the  most  important  group  of  insects  that  feed  on  dwarf  mistle- 
toes, at  times  causing  severe  damage  to  external  portions  of 
plants.  Several  species  of  mites  (Acarina)  are  common  associates; 
their  relationship  with  the  host  is  unknown.  Biological  control 
may  be  possible  through  manipulating  populations  of  insects  that 
feed  on  or  pollinate  mistletoe. 

Key  words:    Arceuthobium,  biological  control,  pollination 


ABOUT    THE  COVER: 

Larvae  of  the   thicket  hairstreak  butterfly , 
Mitoura  spinetorum  Hewitson,   in   typical 
feeding  position  on   dwarf  mistletoe  shoots. 
Drawing  by  Anne  Steely. 
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Insects  and  Mites  Associated  with  Dwarf  Mistletoes 


Robert  E.    Stevens  and   Frank  G.    Hawksworth 


Dwarf  mistletoes,  Arceuthobium  spp.,  parasitize 
conifers  in  North  and  Central  America,  Africa,  and 
Eurasia,  but  most  species  are  confined  to  the  New 
World.  In  many  parts  of  the  western  United  States 
they  are  serious  economic  pests  (Gill  and  Hawks- 
worth  1961). 

The  literature  on  insects  associated  with  other 
mistletoes  is  extensive  (Schumacher  1918,  Gill  and 
hiawksworth  1961).  Some  of  the  more  detailed 
accounts  have  been  on  Viscum  album  in  Europe 
(Tubeuf  1  923),  Phoradendronflavesc ens  in  the  United 
States  (Tucker  1922),  and  Loranthus  longiflorus  in 
West  Pakistan  (Baloch  and  Mohyuddin  1969).  The 
insects  associated  with  the  dwarf  mistletoes  have 
not  been  comparably  reviewed,  however.  Hawks- 
worth  (1961)  listed  several  species  of  insects  found 
on  Arceuthobium  vaginatum  subsp.  cryptopodum,"  a 
parasite  of  Pinus  ponderosa  Laws,  in  the  south- 
western United  States,  and  several  other  insects 
have  been  reported  on  Arceuthobium.  It  is  our 
purpose  in  this  Paper  to  summarize  all  of  this  liter- 
ature, and  to  present  previously  unpublished  infor- 
mation on  arthropods  (insects  and  mites)  associated 
with  the  dwarf  mistletoes  of  the  western  United 
State  and  Mexico.' 


Arthropod-Dwarf  Mistletoe  Relationships 

Several  kinds  of  insects  and  mites  are  associated 
with  dwarf  mistletoes,  and  theseassociationsinvolve 
three  main  ecological  relationships.  Of  these,  two 
are  direct  relationships  that  involve  insects  as  con- 
sumers and  pollinators  of  dwarf  mistletoe  plants. 
A  third,  indirect,  relationship  concerns  dwarf  mistle- 
toe infection  predisposing  trees  or  parts  of  trees  to 
attack  by  insects.  The  relationship  between  dwarf 
mistletoes  and  insects  has  been  somewhat  of  a 
"no-man's  land"  between  forest  entomology  and 
forest  pathology  that  has  scarcely  been  investigated. 

Most  of  the  direct  arthropod-dwarf  mistletoe 
associations  we  report  involve  insects  feeding  on 
or  pollinating  dwarf  mistletoe  plants.  However, 
in  some  instances— especially  with  mites— the  rela- 
tionship is  unclear,  and  we  do  not  know  for  certain 
what  the  arthropod  is  doing  in  or  on  the  host  plant. 

Several  of  the  arthropod  species  recorded  in 
the  literature  are  represented  by  a  single  or  only 
a  few  collections.  Again  this  is  especially  true  for 
the  mites,  and  probably  reflects  lack  of  attention 
rather  than  rarity  of  occurrence. 

Pollination  of  Dwarf  Mistletoes 


-The  scientific  names  for  Arceuthobium 
used  in  this  paper  are  from  "Biology  and  class- 
ification of  the  dwarf  mistletoes ,"  by  Frank  G. 
Hawksworth  and  Delbert  Wiens,  U.  S.  Dep.  Agr., 
Agr.  Handb.  (in  press).  In  the  Arceuthobium 
aampylopodwv  group,  the  specific  names  are 
usually  the  same  as  the  form  names  used  by  Gill 
(1935).  Exceptions  are  A.  "oaaidentale" — a  Cal- 
ifornia species  on  Pinus  sabiniana,  P.  radiata, 
and  P.  muriaata;  A.  " calif omiaum" — a  species 
principally  on  Pinus  lambertiana  in  California 
and  southern  Oregon;  and  A.  "apacheawv" — on 
Pinus  strobiformis  in  southwestern  United 
States  and  northern  Mexico. 

The  authors   express      their   thanks    to    the 
many    taxonomists   who   identified   the   insects. 


Arthropods— especially  insects— appear  to  play 
the  major  role  in  dwarf  mistletoe  pollination  (Hawks- 
worth 1961,  Kuijt  1955,  Weir  1915).  Evidence  for 
this  centers  on  characters  of  insect  pollinated  plants 
demonstrated  by  Arceuthobium:  spined  pollen  shed 
in  clusters,  relatively  limited  amount  of  pollen,  nectar 
production,  and  odor  emission  by  both  male  and 
female  flowers,  along  with  the  presence  of  numerous 
insects  in  and  on  the  flowers  during  the  flowering 
period.  Some  wind  pollination  may  occur,  but 
probably  only  within  a  meter  or  so. 

The  most  consistent  association  we  have  ob- 
served (table  1)  is  pollination  of  _A^  voginotum 
subsp.  cryptopodum  by  thrips.  Thrips,  including  a 
species  of  Frankliniella  and  possibly  others,  occur 
essentially  throughout  the  range  of  this  mistletoe  in 
the  Southwest  and  in  Colorado  (Hawksworth  1961). 
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During  the  flowering  period,  these  normally  dark 
insects  appear  yellow  due  to  the  masses  of  pollen 
transported  on  their  bodies.  Coleman  (1921)  records 
Arceuthobium  campylopodum  as  a  honey  plant  in 
California,  so  honeybees  may  also  be  involved 
in  pollination  of  the  species.  W.  V.  Showalter  (per- 
sonal communication  1968)  has  observed  bumble- 
bees, other  bees,  and  thrips  apparently  involved 
in  pollination  of  A.  campylopodum  on  ponderosa 
pine  in  California. 

Our  observations  of  Arceuthobium  americanum 
in  Colorado  suggest  that  ants  and  flies  are  its  pri- 
mary pollinators.  Early  in  the  flowering  period, 
small  flies,  particularly  Bradysia  sp.-(Sciaridae),  are 
most  common,  but  toward  the  end  of  the  flowering 
period  the  flies  are  succeeded  by  ants.  Formica 
sanguinea    subnuda    Emery,    Lasius    niger    neoniger 


Emery,  and  Tapinoma  sessile  (Say)  have  all  been 
observed  to  frequent  flowering  plants  and  to  trans- 
port pollen. 

Some  phytophagous  insects  (table  2)  may  be 
passively  involved  in  pollination  if  their  season 
of  activity  coincides  with  the  flowering  period  of 
their  host. 

Cooperative  University  of  Utah-Rocky  Mountain 
Station  studies  on  the  pollinators  of  Arceuthobium 
americanum  are  currently  being  conducted  by  Dr. 
Delbert  Wiens. 

Insect  Feeding  on  Dwarf  Mistletoes 

Several  kinds  of  insects— especially  larvae  of 
Lepidoptera— feed  on  dwarf  mistletoe  plants  (table 
2).  In  some  cases  they  are  highly  destructive. 
With  a  few  exceptions  the  insects  that  feed  on 
dwarf  mistletoe  have  not  been  commonly  collected, 
and  little  is  known  of  their  life  histories  and  other 
characteristics.  Three  species  of  Lepidoptera,  Fila- 
tima  natalis  (Heinrich),  Dasypyga  alternosquamella 
Heinrich,  and  Mitoura  spinetorum  (Hewitson),  appear 
to  be  specific  to  Arceuthobium,  and  are  broadly 
distributed  throughout  its  range  in  western  North 
America.  Neoborella  tumida  Knight,  a  mirid  bug, 
is  also  widely  distributed  in  the  West  and  appears 
to  be  restricted  to  Arceuthobium.  The  Lepidoptera 
larvae  can  all  be  highly  destructive  to  individual 
plants,  but  the  impact  of  their  feeding  on  a  broad 
scale  has  not  been  evaluated.  N.  tumida,  while 
widely  recognized  as  a  dwarf  mistletoe  associate, 
has  only  this  past  season  been  conclusively  found 
feeding  on  the  host;  the  effect  of  its  feeding  hcs 
not  been  studied. 
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Mites 

Several  species  of  mites  (table  3)  have  been 
collected  from  dwarf  mistletoes.  Brevipalpus  porca 
Pritchard  and  Baker,  a  red  tenuipalpid,  is  common 
throughout  the  southwestern  United  States.  Typhlo- 
dromus  arceuthobius  Kennett  is  often  associated 
with  B.  porca,  and  is  probably  a  predator  of  it 
(Kennett  1963).     Paraphytoptus  arceuthobii  Keifer  is 


reported  from  staminate  flowers  (Keifer  1952).  While 
B.  porca  and  P.  arceuthobii  are  members  of  phyto- 
phagous groups  and  could  be  expected  to  feed 
on  the  dwarf  mistletoe  plants,  we  have  not  seen 
this.  B.  porca,  while  not  difficult  to  find,  occurs 
in  such  low  densities  that  visible  damage  would 
not  be  expected.  The  life  history,  habits,  and 
ecological  relationships  of  dwarf  mistletoe-inhabit- 
ing mites  remain  to  be  learned. 


Table  3. --Mites  known  to  occur  on  dwarf  mistletoes 


Mite 


Host 


Tree 


Local ity 


Reference  ' 


MESOSTIGMATA 
Phytoseiidae 

Typhlodromus  arceuthobius 


Kennett 

A. 

"oaoidentale" 

Pinus  sabiniana 

Do 

do 

do 

Do 

do 

do 

Do 

A. 

campy lopodum 

P.    jeffreyi 

Do 

do 

do 

T.    bakeri 

(Garman) 

A. 

pusi  Hum 

Picea  mariana 

Do 

do 

do 

Do 

do 

do 

Do 

T.    validus   Chant 
Do 

T.  pusillus   Kennett 
Do 

Do 


Typhlodromus   sp.  nr. 
rosellus 

TROMBIDIFORMES 
Eriophiidae 

Paraphytoptus  arceuthobii 
Keifer 


Do 

Tenuipalpidae 

Brevipalpus  porca 
Pritchard  &  Baker 

Do 

Do 

Do 

Do 

Do 

Do 
Unidentified  mites 


do 

A.    "oocidentale'' 
do 

A.    pusillum 
do 

do 


do 


A .    campy  I opodum 
A.    "oocidentale" 


A.    vaginatum   subsp. 


do 

Pinus  sabiniana 
do 

Picea  mariana 
do 

do 
do 


Pinus  jeffreyi 
P.    sabiniana 


aryptopodum 

P.   ponderosa 

do 

do 

do 

do 

do 

do 

Arceuthobium   Sp. 

do 

A.    douglasii 

Pseudotsuga 

memiestz 

A.     '  ■  ■  ■  ■  ■  ■  '  ion 

Pinus  edulis 

A.                              ::ifn 

P.    ponderosa 

Mt.  Diablo,  Calif. 

Lake  County,  Calif. 

Fiddletown,  Amador  County,  Calif. 

Snow  Lake,  Plumas  County,  Calif. 

Pinecrest,  Tuolomne  County,  Calif. 

Stokes  Bay,  Ontario,  Canada 

Pine  Tree  Harbor,  Ontario,  Canada 

Howdenvale,  Bruce  County,  Ontario 
Canada 

Outlet  Park,  Prince  Edward  County, 
Ontario,  Canada 

Lake  County,  Calif. 

Fiddletown,  Amador  County,  Calif. 

Stokes  Bay,  Ontario,  Canada 

Howdenvale,  Bruce  County,  Ontario, 
Canada 

Troy,  Cape  Breton  Island, 
Nova  Scotia,  Canada 

Red  Bay,  Ontario,  Canada 


Lake  Tahoe,  Calif. 
Mt.  Diablo,  Calif. 


Flagstaff,  Ariz. 

Fort  Valley,  Ariz. 

Mescalero   Indian  Reserv. ,  N.   Mex. 

Bryce  Canyon,  Utah 

Calif. 

Bryce  Canyon ,  Utah 

Jacob  Lake,  Ariz. 
Charleston  Mts. ,  Nev. 


Kennett  1963 
Do 
Do 
Do 
Do 
Do 
Do 
Do 

Do 

Do 
Do 

Do 
Do 

Do 
Do 


Keifer  1952 
Do 


Pritchard  & 
Baker  1958 

Do 

Do 

Do 

Kennett  1963 

Pritchard  & 
Baker  1958 

Do 
(Hawksworth) 


'References  in  parentheses  are  original;   insects  wore  identified  by  individual   named. 
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Increased  Tree  Susceptibility  to  Insects 
Induced  by  Dwarf  Mistletoe 

The  question   is   often  asked  "Since  both  dwarf 
mistletoes  and    bark   beetles   (Scolytidae)  kill  trees, 


is  there  a  relationship  between  the  activity  of  the 
two  pests?"  Although  an  indirect  relationship  does 
exist  (the  few  pertinent  reports  are  summarized 
in  table  4),  none  of  the  published  reports  seems 
to  indicate  that  these  are  important  in  pines.    Dwarf 


Table  4. --Reports  of  dwarf  mistletoes  predisposing  trees  to  attack  by  bark  beetles^ 


Tree  and 

dwarf  mistletoe 


Insect 


Locality 


Reference^ 


Pseudotsuga  menziesii 

Arceuthobtum  douglasii 
Do 
Do 


De?tdroatonus  pseudotsugae     Pacific  Northwest   Weir  1916 


do 
do 


Pinus  ponderosa 

Arceuthobtum  campy lopodum         Dendroctonus  brevicomis 


Arceuthobium  vaginatum 
subs p.  cryptopodum 


Pinus  edulis 

Araeuthobtwn  divaricatum 


Dendroctonus   sp. 


Ips  Gonfusus 


Utah 
Southwest 


Pinus   lambertiana 

Arceuthobium  "califomioum"     Dendroctonus  montiaolae         California 


Oregon 
Southwest 

Arizona 


Chick  1936  3 
(Hawksworth) 


Struble  1965 
Scharpf  & 

Hawksworth  1968 


Miller  S  Keen  1960 


Korstian  &  Long  1922 
Hawksworth  1961 


(Hawksworth' 


^Dwarf  mistletoe  may  also  affect  bark  beetle  brood  production;  this  is  apart  from  predisposi- 
tion. In  a  recent  study  of  Dendroctonus  ponderosae,  it  was  found  that  lodgepole  pines  moderately 
to  heavily  infected  by  Arceuthobium  americanum  were  less  suitable  as  brood  trees  because  they  have 
thinner  bark  than  uninfected  trees  (Roe  and  Amman  1970). 

■^References  in  parentheses  are  original;  insects  were  identified  by  individual  named. 

^Unpublished  National  Park  Service  report,  on  file  at  Rocky  Mountain  Forest  and  Range  Experi- 
ment Station,  Fort  Collins,  Colorado. 
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mistletoes  and  bark  beetles  more  often  than  not 
occur  practically  in  the  absence  of  each  other.  An 
important  relationship  may  exist,  however,  between 
Douglas-fir  dwarf  mistletoe,  A.  douglosii,  and  the 
Douglas-fir  beetle,  Dendroctonus  pseudotsugae 
hlopk.,  in  interior  Douglas-fir.Pseudotsuga  menziesii 
var.  glauca  (Beissn.)  Franco.  Beetle  outbreaks  have 
been  observed  to  develop  in  mistletoe-infected  stands 
and  spread  out  into  uninfected  timber.  Further  work 
is  needed  to  clarify  this  relationship. 

Miller  and  Keen  (1960)  discussed  dwarf  mistle- 
toe-bark beetle  relationships  from  the  standpoint 
of  the  western  pine  beetle,  Dendroctonus  brevi- 
comis  Lee,  and  concluded  that  heavily  infected 
ponderosa  pines  were  three  to  five  times  more 
susceptible  to  beetle  attack  than  uninfected  trees. 
They  further  pointed  out,  however,  that  the  mistle- 
toe-infected trees  are  probably  the  older  and  more 
decadent  trees  in  a  stand,  a  factor  in  old-growth 
ponderosa  pine  that  often  contributes  to  beetle 
attack.  Korstian  and  Long  (1922)  reported  that,  in 
on  area  near  Flagstaff,  Arizona,  about  69  percent  of 
the  mortality  in  "black  jack"  ponderosa  pines  (trees 
under  125  to  150  years  old)  was  attributable  to 
mistletoe.  About  half  of  this  mortality  was  due 
directly  to  mistletoe  and  half  to  the  parasite  in 
association  with  bark  beetles.  Struble  (1965)  indi- 
cated that  dwarf  mistletoe  is  common  in  old-growth 
sugar  pine,  Pinus  lambertiana  Dougl.,  attacked  by 
the  mountain  pine  beetle,  Dendroctonus  ponderosae 
Hopkins.  The  association  appears  to  be  similar 
to  that  reported  by  Miller  and  Keen  (1960). 

Other  records  of  dwarf  mistletoe-insect  relation- 
ships include  (1)  the  tendency  of  twig  beetles, 
Pityopthorus  and  Pityogenes,  to  attack  dwarf  mistle- 
toe-infected ponderosa  pine  branches  in  the  South- 
west (Hawksworth  1961),  (2)  the  preference  of  an 
engraver  beetle,  Scolytus  subscaber  Leconte  for 
branches  of  true  firs,  Abies  spp.,  infected  by  dwarf 
mistletoe  (Struble  1957),  and  (3)  the  attack  by  wood 
borers  in  dwarf  mistletoe  infections  on  the  boles 
of  western  larch,  Larix  occidentalis  Nutt.,  and  pon- 
perosa  pine  (Weir  1916). 

Edmunds  and  Allen  (1958)  found  no  significant 
difference  in  population  density  of  black  pine  leaf 
scales,  Nuculaspis  californicus  (Coleman),  infesting 
ponderosa  pines  near  Spokane,  Washington,  with 
and  without  Arceuthobium  campylopodum. 


Possibilities    for    Dwarf    Mistletoe    Control    through 
Manipulation  of  Insect  Associates 

The  direct  dwarf  mistletoe-insect  relationships 
(pollination  and  predation)  suggest  possibilities  for 
biological  control. 

Two  biological  approaches  might  be  considered. 
The  first  is  the  standard  technique  of  introducing 
or  augmenting  populations  of  phytophagous  insects. 
The  potential  for  this  seems  theoretically  favorable. 
A  second,  less  conventional,  approach  would  involve 
limiting  pollination  and  subsequent  mistletoe  repro- 
ductive capacity  by  controlling  or  repelling  the  pol- 
linators. In  this  way,  dwarf  mistletoes  on  seed  trees 
might  be  rendered  harmless  so  the  trees  could  be 
safely  left  to  regenerate  new,  mistletoe-free  stands. 

Either  of  these  approaches  could  be  combined 
with  existing  silvicultural  control  methods  or  new 
methods  yet  undeveloped  to  provide  an  integrated 
program. 

A  limited  amount  of  effort  has  already  been  put 
into  a  search  for  predators.  During  the  early 
1960's,  C.  B.  hluffaker  and  associates  at  the  Division 
of  Biological  Control,  University  of  California,  Albany, 
made  preliminary  studies  on  arthropods  affecting 
Arceuthobium.  The  description  of  new  species  of 
mites  by  Kennett  (1963)  is  a  result  of  this  activity, 
hiawksworth  has  observed  arthropods  on  various 
Arceuthobium  species  for  a  number  of  years,  with 
biological  control  in  mind.  The  possibilities  do 
appear  intriguing,  but  they  can  be  realized  only  if 
economic  and  other  benefits  justify  the  work  neces- 
sary to  develop  techniques. 


Field  Identification  of  Arthropods 
Found  on  Dwarf  Mistletoes 

The  following  preliminary  field  key  is  presented 
to  enable  nonspecialists  to  make  tentative  deter- 
minations of  insects  and  mites  found  in  or  on  dwarf 
mistletoes.  We  recognize  that  the  key  is  not  com- 
plete and  generally  does  not  permit  identification 
to  species.  We  expect  that  a  more  comprehensive 
key  can  be  constructed  as  we  get  more  information 
on  some  of  the  species  involved. 
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Field  Key  to  Insects  and  Mites  Known 
to  Occur  on  Dwarf  Mistletoes'* 


1.  Mites  living  in  or  on  plants  Typhlodromus   spp. 

Brevipalpus  poraa 


Paraphytoptus  arceuthobii 


2.     Adult  or  nymphal  insects  living  freely  in  or  on  plants 


A.  With  a  single  pair  of  wings,  found  mostly  on  flowers;  flies     Bradysia   sp.,  and  other 

flies 

AA.  With  two  pairs  of  wings  or  wingless--B 

B.  Wings  fringed,  small  insects  generally  less  than 

2  mm.  long,  mostly  on  flowers;  thrips  Frankliniella  oocidentalis 

Frankliniella   sp. 

Thrips   tabaoi 

BB.  Wings  not  fringed,  larger  insects  generally  between 

2  and  4  mm.  long;  true  bugs  Neoborella  twnida 

BBB.  Wingless,  smaller  but  as  BB  /V.  tumida   nymphs 

3.  Insects  living  within  a  white,  frothy  mass;  spittlebugs  Clastoptera  obtusa 

4.  Hard  shelled,  sessile  insects;  scales 

A.   On  A.    oxyoedri,    Europe  Chionaspis  striata 

Diaspis   visci 
AA.  On  New  World  species  Niveaspis   spp. 

Hemiberlesia   spp. 

5.  Caterpillars  feeding  in  or  on  shoots;  moth  larvae  Fseudoparlatoria  serrulata 
A.   Larvae  hairy;  tussock  moths                                Orgyia  antiqua 

AA.  Larvae  not  hairy-  --------  -B 

B.  Larvae  slug-shaped,  segments  in  folds  and  ridges; 

hairstreaks  Mitoura  spinetorum 

M.    johnsoni 

BB.  Larvae  not  slug-shaped,  segments  smooth  Dasypyga  atemosquamella 

Filatima  natalis 

Tortricid  nr.  peronea 

If  identification  to  species  is  critical,  specimens  should  be  referred  to  specialists . 
Adult  forms  are  needed  for  determination  of  species.  Unidentified  grasshoppers ,  thrips,  scales, 
spittlebugs ,  geometrid  moths,  weevils,  and  ants,  not  included  in  the  key,  are  also  reported  from 
dwarf  mistletoes    (see   tables   on   individual    species) . 
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Conclusions 

Dwarf  mistletoes  harbor  a  considerable  arthropod 
fauna,  but  we  know  little  about  the  details  of  the 
ecological  relationships  involved.  Insects  do  play  a 
major  role  in  pollination,  and  insect  feeding  can 
severely  damage  dwarf  mistletoe  plants,  at  least 
locally.  In  some  instances,  mistletoe  appears  to  be 
related   to    increased    tree    susceptibility    to   insects. 

There  are  many  opportunities  for  further  study 
of  insect-dwarf  mistletoe  relationships.  Practical 
as  well  as  scientific  benefits  may  be  obtained,  since 
dwarf  mistletoe  is  an  economic  pest,  and  additional 
control  techniques  are  needed.  Manipulation  of 
arthropod  populations  would  provide  another 
approach.  Utilization  of  phytophagous  insects  is  an 
obvious  possibility.  Another  intriguing  approach, 
since  pollination  by  arthropods  seems  to  be  prac- 
tically obligatory,  is  to  limit  the  pollinators  and  thus 
reduce  reproductive  capacity  of  dwarf  mistletoe. 
It  may  also  be  possible  to  combine  biological  control 
with  other  control  methods  to  provide  an  effective 
integrated  control  program. 
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As  our  Nation  grows,  people  expect  and  need  more  from 
their  forests— more  wood,  more  water,  fish  and  wildlife;  more 
recreation  and  natural  beauty;  more  special  forest  products  and 
forage.  The  Forest  Service  of  the  U .  S.  Department  of  Agricul- 
ture helps  to  fulfill  these  expectations  and  needs  through 
three  major  activitie s: 

•  Conducting  forest  and  range  research  at  over  75  loca- 
tions   ranging    from    Puerto    Rico    to    Alaska    to    Hawaii. 

•  Participating  with  all  State  forestry  agencies  in  co- 
operative programs  to  protect,  improve,  and  wisely  use 
our  Country' s  395  million  acres  of  State,  local,  and 
private  forest  lands  . 

•  Managing  and  protecting  the  1 87-million  acre  National 
Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the 
new  knoivledge  that  research  scientists  develop:  by  setting 
an  example  in  managing,  under  sustained  yield,  the  National 
Forests  and  Grasslands  for  multiple  use  purposes:  and  by 
cooperating  with  all  States  and  with  private  citizens  in  their 
efforts  to  achieve  better  management,  protection,  and  use  of 
forest  resources . 

Traditionally,  Forest  Service  people  have  been  active 
members  of  the  communities  and  towns  in  which  they  live  and 
work.  They  strive  to  secure  for  all.  continuous  benefits  from 
the  Country' s  forest  resources . 

For  more  than  60  years,  the  Forest  Service  has  been  serv- 
ing the  Nation  as  a  leading  natural  resource  conservation 
agency . 


ABSTRACT 

Growth  of  seeded  species  in  combination  with  reestablishment  of  native 
vegetation  reduced  overland  runoff  and  soil  erosion  to  tolerable  levels 
within  one  to  four  growing  seasons.  Gross  rainfall  was  a  poor  indicator 
of  runoff  and  soil  erosion  from  small  plots.  Trends  were  best  defined  by 
declining  rates  of  runoff  and  sediment  production  per  unit  of  excess  rainfall. 
Sixty  percent  ground-cover  density  (live  vegetation  plus  litter)  is  postulated 
as  the  minimum  necessary  for  soil  stabilization.  This  cover  density  almost 
certainly  could  not  have  been  reached  within  the  4-year  study  period  with- 
out seeding.  Seeded  grasses— timothy  and  Kentucky  bluegrass  on  coarse- 
textured  soil  and  timothy  and  smooth  brome  on  fine-textured  soil— were 
especially  important  because  of  their  dispersion  and  abundance,  and  per- 
sistence of  litter  production. 

Key  words:     Soil   stabilization,  ground-cover  plants,   runoff,  forest 
fire  control 
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Runoff  and  Erosion  Control  by  Seeded  and  Native  Vegetation 
on  a  Forest  Burn:     Black  Hills,  South  Dakota 


Howard   K.  Orr 


Introduction 

Accelerated  runoff  and  soil  erosion  are  natural 
aftereffects  of  many  intense  forest  burns.  Nature 
alone  will  eventually  restore  a  burned  area  to  a 
condition  of  stability  and  equilibrium,  but  perhaps 
not  for  a  long  time.  Consequently,  artificial  meas- 
ures are  planned  to  counteract  natural  destructive 
forces,  and  thus  speed  up  the  soil  stabilization 
process. 

Rehabilitation  often  consists  of  a  combination 
of  overlapping  measures.  With  more  complete 
understanding  of  basic  runoff-erosion  relationships 
and  trends,  treatment  overlap  and  overall  cost  of 
rehabilitation  may  be  reduced. 

The  4,500-acre  Deadvvood  fire  of  September 
1959  provided  an  opportunity  for  study  and  evalu- 
ation of  specific  aspects  of  applied  rehabilitation 
measures.  Precipitation  variables  and  ground-cover 
development  were  analyzed  to  determine  their  re- 
lationship to   trends   in   surface  runoff  and  erosion. 


The  Burn 


Site  Characteristics 


The  burn  area  (fig.  1)  is  in  the  highest  pre- 
cipitation zone  of  the  Black  Hills.  Annual  precipi- 
tation averages  nearly  28  inches,  and  ranged  from 
18.0  to  48.4  inches  over  a  34-year  period  of  record 
at  Deadwood.  Most  abundant  precipitation  is  pro- 
duced by  frontal-type  storms  during  May  and  June. 
Convective  thunderstorms  and  high-intensity  rainfall 
are  most  common  in  July,  and  gradually  diminish 
through  August  and  September.  Snowfall  accounts 
for  practically  all  precipitation  from  October  through 
April.  Heavy,  wet  spring  snows  ore  fairly  common, 
and  a  number  of  rain-on-snow  events  have  caused 
widespread  flooding  over  the  Black  Hills  area. 

Both  crystalline  and  sedimentary  rock  formations 
account  for   wide   soil   variations   in  the  burn  area. 

Second-growth  ponderosa  pinel/ 80  to  90  years 


Common      and  botanical      names   of     plants 
mentioned  are   listed  on  page   12. 


old  dominated  the  area.  Stands  were  typically 
dense  post-pole  size  trees  with  small  intermingled 
patches  of  sawtimber.  Forest  floor  vegetation  was 
sparse,  a  common  condition  in  the  typically  dense 
second-growth  pine  stands  of  the  Black  Hills.  Little 
other  vegetation  was  present  except  for  sparse 
grass  cover  and  some  common  juniper  on  south 
slopes  and  along  the  crests  of  some  rocky  ridges, 
and    scattered    bearberry    and    creeping    mahonia. 


START 


BOUNDARY  OF  BURN 

l«-  I  mil*  -H 

F^guAe  /.--Map  OjJ  thz  SzptejnbeA  /959 
Vzaduoood  Ba/in  and  iuAAoundlng  oAta 
{Black  Hitii>,  South  Dakota). 

The  Fire 

The  Deadwood  Firestartedon  SeptemberB,  1959, 
and  within  24  hours  burned  over  an  area  of  about 
4,500  acres.  Fire  danger  was  extreme  throughout 
the  period.  Virtually  all  trees  were  killed  and  all 
forest  floor  organic  matter  was  consumed  over  ex- 
tensive areas.  In  early  stages,  when  hottest,  the 
fire  moved  across  a  series  of  steep  side-by-side 
watersheds  that  drain  almost  directly  south  into  the 
town  of  Deadwood  (fig.  1),  which  itself  was 
threatened   by   fire   that   burned   into   the  outskirts. 


Rehabilitation  Measures 

Extensive  rehabilitation  measures  included  arti- 
ficial seeding  of  adaptable  grasses  and  legumes 
on  4,01  1  acres.  The  entire  treatment  was  designed 
to  reduce  by  68  percent  the  estimated  potential 
flood  damage  from  a  1 0-year-frequency  storm  in 
the  first  year  after  the  fire. 

Because  of  the  threat  of  flooding  during  the 
normally  heavy  precipitation  period  of  spring  and 
early  summer,  primary  treatment  started  whilesnow 
remained  on  the  ground,  and  concluded  with  the 
April  4-8  helicopter  seeding  (on  snow)  of  1  1  pounds 
per  acre  of  a  grass-legume  mixture: 


Species 

Timothy 
Smooth  brome 
Kentucky  bluegrass 
Yellow  sweetclover 
Hairy  vetch 

Total 


Pounds/acre 

3 
3 
2 
2 

1 


The  Study  Area 

Two  distinctly  different  areas  were  selected  for 
detailed  study.  One  was  at  the  head  of  City  Creek 
(fig.  1)  on  stony-loom  soil  developed  from  fine- 
grained Tertiary  igneous  intrusives  or  Precambrian 
quartz-mica  or  mica  schists.  Elevation  was  5,400 
feet  (MSL).  The  other  was  at  Pine  Crest,  several 
miles  to  the  east,  at  elevation  4,900  feet  in  an 
area  of  finer  textured  loam  to  clay  soil  derived 
from  massive  light-colored  Pahosapa  limestone  of 
Paleozoic  origin. 

At  each  site,  eight  1-milacre  runoff  plots  were 
installed  in  July  and  early  August  I960;  four  on  a 
south-  to  southwest-facing  slope,  and  four  on  the 
north- to  northeast-facing  slope  just  over  theadjacent 
ridge.  By  July  some  seeded  species  were  becoming 
well  established,  and  native  cover  was  starting 
to  reappear. 

Two  plots  in  each  group  of  four  were  intention- 
ally selected  at  sites  on  which  total  ground  cover 
was  relatively  sparse,  and  two  where  cover  was 
already  relatively  dense.  Obvious  atypical  rock 
concentrations  or  other  soil  surface  conditions  were 
carefully  avoided.  Initial  ground-cover  densities 
(live  vegetation  plus  litter)  ranged  from  about  10 
to  80  percent  at  City  Creek  and  1 0  to  33  percent 


at  Pine  Crest.  Plots  with  the  highest  initial  ground- 
cover  densities  generally  had  the  highest  percentages 
of  seeded  plant  species. 

The  plots  were  4  by  10.9  feet,  with  the  long 
axis  parallel  to  the  slope  (fig.  2).  Sheet-metal 
frames  were  driven  3  to  4  inches  into  the  soil. 
A  collection  trough  along  the  lower  boundary  of 
each  plot  funneled  runoff  into  a  collection  tank. 
Runoff  plus  sediment  was  measured  by  weighing. 
Sediment  was  then  dried  and  weighed. 


VIquKq.  2.--Rano{^i  plot  ImtalZcution.     Plot  {^n-ome^ 
we^e  dfLLven  3  to  4  inchu  into  the.  ground  in 
izcitlonfi,   thzn  i>plidiid  togeXh^A  MoteAtlght. 

Vegetation  on  all  plots  was  surveyed  and  photo- 
graphed during  the  period  of  maximum  plant  develop- 
ment in  July  or  August  each  year  of  study.  Six 
1-  by  2-foot  subplots  were  examined  on  each  1- 
milacre  runoff  plot.  During  the  same  periods,  sur- 
veys were  also  made  on  2-square-foot  plots  at 
50-  to  100-foot  intervals  on  two  cross-country  tran- 
sects in  the  vicinity  of  each  of  the  two  major  study 
sites.  Number  of  plots  per  transect  ranged  from 
10  to  30.  Percentage  live  vegetation,  litter,  ex- 
posed rock,  and  bare  soil  on  each  runoff  subplot 
and  each  transect  plot  were  estimated  visually. 
All  identifiable  plant  species  were  listed.  The  three 
dominant  species  were  then  ranked  3,  2,  or  1  in 
descending  order  of  abundance  and  proportion  of 
ground  cover.  The  numerical  ranking  of  the  three 
most  dominant  species  on  each  observation  plot 
made  it  possible  to  define  general  ground-cover 
density  and  composition  trends. 

Primary  climatic  records  were  obtained  with 
one  centrally  located  standard  precipitation  gage 
and  one  recording  gage  at  each  of  the  two  sites. 
Precipitation  records  were  collected  at  monthly  inter- 
vals during  the  winter  months  (October-March).   All 
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plots  were  checked  at  the  same  time,  and  any  snow- 
melt  runoff  was  measured.  More  frequent  obser- 
vations were  started  prior  to  the  general  thaw, 
usually  in  March,  and  both  precipitation  and  runoff 
observations  were  continued  at  1-week  intervals 
through  September.  More  frequent  measurements 
were  token  in  case  of  major  storms.  Plot  runoff 
observations  were  started  in  August  1960  and  con- 
tinued through  the  growing  season  of  I  963. 

The  first  two  postburn  years  were  unusually 
dry,  and  the  third  and  fourth  years  were  unusually 
wet  (table  1).  Calendar  year  1961  ranked  lowest 
of  34  years  of  record  at  Deadwood.  Precipitation 
then  rose  to  far  above  average  in  1962.  Individual 
storms  were  larger  and  more  intense  than  in  the 
other  years.  In  May  alone  13.7  inches  fell  at  City 
Creek  and  1  1.6  inches  at  Pine  Crest.  The  calendar 
year  ranked  fourth  wettest  of  the  34  years  of 
record.  Calendar  year  1963  continued  above  aver- 
age, especially  the  winter  months,  and  ranked  fifth 
wettest  of  record. 

Table  1. --Seasonal    precipitation  by  water 
years  at  the  two  study  sites 


Water 

City 

Creek 

Pine 

Crest 

year 

Oct.- 
Apr. 

May- 
Sept. 

Oct.- 
Apr. 

May- 
Sept. 

1960-61 
1961-62 
1962-63 
1963-64 

8.48 
12.44 
19.10 
11.48 

Inci 

9.64 
27.61 
14.62 

les   -   -  - 

(') 

7.32 

12.28 

7.50 

8.16 
25.70 
13.06 

'Prior  to  installation  of  gages. 
Records  discontinued. 

Study  Results 

Ground-cover  Density  and  Composition 

Despite  below-average  precipitation  through  the 
winter  and  spring  months  (1959-60),  some  of  the 
seeded  species  germinated  and  became  established 
quickly,  and  some  native  species  germinated  or 
sprouted  and  started  to  regrow.  Ground  cover 
was  already  significant  though  highly  variable  when 
plots  were  installed  in  July  and  early  August  1960. 
Precipitation  had  been  just  over  1  inch  in  May 
(less  than  25  percent  of  overage),  about  3.75  inches 
in  June  (about  85  percent  of  average),  and  1.6 
inches  (about  50  percent  of  overage)  in  July. 

"Patchiness"  of  ground  cover  when  plots  were 
selected  and  installed  was  striking;  a  broad  rango 
of   immediate    runoff    and    erosion    potentials   was 


evident  at  boih  sites  (figs.  3,  4).   The  primary  com- 
position trends  are  illustrated  in  figure  5. 

Highlights  of  ground-cover  density  and  composi- 
tion trends  at  City  Creek  during  the  4  years  of 
study  were: 

1.  Quick  establishment  and  persistent  dominance 
of  timothy. 

2.  Slowly  increasing  prominence  of  smooth  brome 
(seeded),  snowbrush  ceanothus,  and  creeping 
mahonia  (natives). 

3.  Sharp  increase  of  Kentucky  bluegross  in  1962 
in  apparent  response  to  the  far-above-average 
precipitation. 

4.  Initial  prominence  of  American  dragonhead,  Caro- 
lina geranium  (both  native  annuals),  and  yellow 
sweetclover  (seeded  biennial),  and  their  almost 
complete  disappearance  by  the  second  or  third 
growing  season. 

Ground-cover  density  and  composition  charac- 
teristics and  trends  were  somewhat  different  at  Pine 
Crest.   Main  characteristics  there  were: 

1.  Initial  prominence  of  seeded  sweetclover  and  its 
apparent  demise. 

2.  Codominance  of  seeded  timothy. 

3.  The  slow  persistent  increase  and  final  prominence 
of  smooth  brome  (seeded)  and  creeping  mahonia 
(native). 

4.  Initial  prominence  of  Carolina  geranium  (native 
annual)  and  its  almost  complete  disappearance 
in  the  second  growing  season. 

The  major  differences  in  cover  density  and  com- 
position between  the  two  sites  appear  to  have  been 
due  primarily  to  basic  soil  differences.  Ground 
cover  developed  more  quickly  and  to  higher  initial 
density  on  the  coarse-textured  soil  at  City  Creek 
than  on  the  finer  textured,  limestone-derived  soil 
at  Pine  Crest.  Pine  Crest  caught  up  quickly,  how- 
ever. By  the  end  of  the  1962  growing  season,  both 
sparse  and  dense  plots  at  Pine  Crest  had  more  live 
cover  than  at  City  Creek.  Some  of  the  dense  plots 
at  City  Creek  appear  to  hove  reached  their  maxi- 
mum production  of  live  vegetation  as  early  as  1960, 
and  all  plots  by  the  end  of  the  growing  season  in 
1962.  This  contention  is  supported  by  the  fact 
that  there  was  an  appreciable  drop  in  amount  of 
live  cover  on  seven  of  eight  plots  at  City  Creek 
from  1962  to  1963,  despite  near- or  slightly  above- 
overage  precipitation,  while  live  cover  remained 
static  or  further  increased  at  Pine  Crest.  Cover 
developed  more  rapidly  at  City  Creek,  but  the 
Pine  Crest  site  appeared  to  hove  the  higher  pro- 
duction potential. 
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All  of  the  seeded  species  except  hairy  vetch 
were  important  cover  components  at  one  or  both 
of  the   sites  at  some  time  during  the  study  period. 

Timothy,  v/hich  was  important  at  both  sites 
throughout  the  study,  consistently  maintained  a 
higher  degree  of  dominance  at  City  Creek  than  at 
Pine  Crest.  Kentucky  bluegrassbecamean  important 
cover  component  at  City  Creek  in  1962  but  never 
was  important  at  Pine  Crest.  Smooth  brome  in- 
creased slowly  but  surely  and  became  an  important 
species  at  both  sites  by  the  fourth  growing  season. 
Growth  was  generally  more  vigorous  and  of  higher 
ranking  at  Pine  Crest,  however,  where  it  was  co- 
dominant  with  timothy  and  creeping  mohonia  in 
the  general  area  at  the  end  of  the  study. 

Yellow  sweetclover  showed  markedly  different 
behavior  at  the  two  sites.  New  seedlings  were 
abundant  at  both  sites  in  1960.  At  City  Creek, 
most  of   the   second-year   growth   was   spindly    and 


weak;  at  Pine  Crest,  it  was  tall  and  vigorous.  The 
third  season,  practically  none  could  be  found  at 
City  Creek.  First-year  seedlings  were  abundant 
at  Pine  Crest  in  1962  and  again  in  1963,  but  few 
developed  into  mature  second-year  plants. 

From  15  to  20  more  species  were  present  each 
year  at  both  sites  than  are  shown  in  figure  5.  Pine 
Crest  generally  had  the  greater  variety  of  native 
species,  and  they  mode  up  a  larger  percentage  of 
total  cover  than  at  City  Creek.  The  more  important 
of  these  easily  observed  but  less  frequently  en- 
countered species,  mostly  shrubs,  were: 

City  Creek  Pine  Crest 

Spirea  Serviceberry 

American  red  raspberry  Clematis 

Spreading  dogbane  Spreading  dogbane 

Common  chokecherry  Common  chokecherry 

Rose  species  Aster  species 
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Summer  Runoff  and  Sediment 

Between  August  5  (date  runoff-plot  installations 
were  completed)  and  September  30,  1960,  a  total 
of  3.91  inches  of  precipitation  fell  at  City  Creek 
and  3.93  inches  at  Pine  Crest.  Runoff  was  sig- 
nificant on  only  two  occasions  (table  2)— August 
5-8  when  1.52  inches  of  precipitation  fell  at  City 
Creek  and  1.33  inches  at  Pine  Crest,  and  August 
19  when  1.15  inches  was  recorded  at  City  Creek 
and  1.60  inches  at  Pine  Crest.  From  limited  records 
at  City  Creek,  rainfall  intensities  apparently  were 
no  greater  and  probably  were  less  than  for  com- 
parable amounts  of  rainfall  later  in  the  study.  More 
sediment  came  off  all  the  plots  in  these  two  storm 
periods  than  in  all  of  the  three  following  summer 
seasons  combined.  Although  some  of  this  sediment 
may  have  resulted  from  installation  disturbance,  the 
inverse  relationship  of  both  runoff  and  sediment 
with  ground  cover  is  obvious. 


Table  2. --Total   summer  storm  runoff  and  sedi- 
ment between  August  5  and  September  30,   1950 


Site  and  plot 
cover  class 

Runoff' 

Sediment' 

Ground 
cover  2 

Indies 

Pounds/acre 

Percent 

CITY  CREEK: 

Dense 

0.50 

757 

67 

Sparse 

.89 

4,472 

20 

PINE  CREST: 

Dense 

.70 

2,883 

30 

Sparse 

1.44 

13,246 

13 

'Average  of  four  plots, 
'live  vegetation  plus   litter. 

Rates  of  runoff  and  sediment  accumulation  per 
unit  of  cumulative  gross  precipitation  declined  sharp- 
ly in  succeeding  years  (fig.  6).  The  apparent  trends 
continued  in  the  same  order  as  initial  1960  differ- 
ences in  ground  cover  (live  vegetation  plus  litter) 
between  sparse-  and  dense-cover  plots  at  the  two 
sites  and  between  sites.  In  these  comparisons, 
north-  and  south-slope  plots  were  combined  since 
there  were  no  clearly  apparent  or  consistent  effects 
of  aspect,  slope,  or  soil  differences. 

Several  midseason  accelerations  of  runoff  and 
sediment  accumulation  cannot  be  attributed  to 
decline  in  ground  cover,  since  they  occurred  when 
vegetation  was  near  its  maximum  seasonal  develop- 


10  20  30  40 

Cumulative    precipitation  (inches) 


F-cguAe  6.--Mcu>6  plot  o{j  iamrmfi  6tonm  nuno{){, 
agcU.nit  pfiz.CA.pAMUA.on  and  o;)  i,Q.dmQ.nt  pn.o- 
ductlon  in  n.aZation  to  gn.oi>i>  pfizcA.piX.oitA.on, 
1960-63  Induiivz,   at  the.  two  6tady  i,itu. 

ment.  They  can  more  obviously  be  explained  by 
seasonal  variation  in  precipitation  characteristics. 
Regression  techniques  were  used  in  attempting 
to  account  for  these  midseason  anomalies  and  to 
quantitatively  test  the  runoff  and  sediment  produc- 
tion trends.  Regressions  of  runoff  and  sediment 
production  on  gross  precipitation  were  calculated 
for  individual  years.  The  rationale  for  computing 
direct  regression  of  sediment  on  precipitation  rather 
than  on  runoff  is  drawn  from  several  well-known 
sources  (Ellison  1945,  Musgrave  1947,  USDA  1961), 
who  define  soil  detachment  and  sheet  erosion  in 
terms  of  the  kinetic  energy  of  rainfall  and  site 
characteristics,  including  soil  erodibility  and  ground 
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cover.  Unfortunately,  the  year  1960  could  not  be 
included  in  these  analyses  because  of  incomplete 
precipitation  records.  Of  the  remaining  3  years, 
gross  precipi-tation  alone  accounted  for  a  significant 
portion  of  runoff  and  sediment  variance  only  in 
the  exceptionally  wet  year  1962  (P.  ^0.05).  Thus, 
gross  precipitation  was  a  relatively  poor  indicator 
of  runoff  and  sediment  production. 

Precipitation  intensity  was  then  introduced  into 
the  analysis  in  the  form  of  an  excess  rainfall  factor, 
which  in  effect  was  an  indirect  expression  of  infil- 
tration rates.  The  factor  was  computed  as  total 
rainfall  during  a  measurement  interval  that  fell  at 
o  rate  in  excess  of  0.03  inch  per  5  minutes  (0.36 
inch  per  hour).  Both  higher  and  lower  base  rotes 
were  tested,  but  the  0.03-inch  factor  accounted  for 
the  most  consistent  proportionof  runoff  and  sediment 


variance  throughout  the  period  of  record. 

The  excess  rainfall-runoff  relationships  (fig.  7, 
table  3)  were  all  significant  to  highly  significant 
(P  <  0.05)  in  all  3  years  on  both  classes  of  plots 
at  both  sites.  Theexcessrainfall-sedimentproduction 
relationships  (fig.  7,  table  3)  were  also  all  signifi- 
cant to  highly  significant  except  for  City  Creek 
dense-cover  plots  in  1963,  when  sediment  production 
was  too  low  to  define  a  statistically  significant  trend. 
Cumulative  plottings  of  runoff  and  sediment  against 
excess  precipitation  were  obviously  less  erratic  than 
the  plots  against  gross  precipitation  (fig.  6). 

The  year-to-year  trends  were  tested  by  comparing 
regressions  of  runoff  and  sediment  production  on  the 
excess  rainfall  factor  by  individual  years.  This  is  a 
more  exact  method  than  use  of  covariance  to  test 
significance  of  changes  in  slope  of  the  overall  run- 


Table  3. --Regression  of  summer  storm  runoff  (Y  =  inches)  and  sediment  production  (Y  =  pounds  per 
acre)  on  0.03  inch  per  5  minutes  excess  rainfall  (X),  and  estimates  for  the  overall  average 
0.24  inch  of  excess  rainfall  per  observation  interval 


Site  and 
Year 


Coefficient  of 
determination 


Regression  equation  constants 
for  Y  =  a  +  bX 


Dense 


Sparse 


Dense 
>)     (b) 


Sparse 
(a)     (b) 


Estimates' 
Dense   Sparse 


RUNOFF     (Inches; 


CITY   CREEK: 
1961 
1962 
1963 

PINE   CREST: 
1961 
1962 
1963 


CITY   CREEK: 
1961 
1962 
1963 

PINE   CREST: 
1961 
1962 
1963 

~~^     Separation   lines   indicate  approximate  points    in  time  after  which   it   is  postulated  that  runoff 
and  sediment  production  rates  were  within  tolerable  limits. 
*     Significant  at   .05  level. 
**     Significant  at   .01    level. 
NS     Not  significant  at    .05  level. 


0.647** 

0.425* 

-0.015 

0.2054 

0.011 

0.3419 

0.034 

0.093 

.546** 

.703** 
.965** 

-  .001 

-  .028 

.0363 
.1204 

.013 
-  .050 

.3367 
.3070 

.008 
.001 

.094 

.956** 

.024 

.791** 

.898** 
.892** 

-  .016 

-  .020 

.3722 
.1901 

-  .006 

-  .011 

.8017 
.4934 

.073 

.186 

.819** 

.026 

.108 

.858** 

.821** 

-  .002 

.0308 

-  .000 

.0675 

.005 

.015 

S  E  D 

I  M  E  N  T 
.749** 

P  R  0  D  U 
-  15.8 

C  T  I  0  N 
235.9 

(Pound 
-221.9 

s/acre) 
2770.4 

.649** 

41.0 

443 

.704** 

.866** 
.536* 

-  0.4 

-  2.2 

8.1 
17.4 

-  2.3 
4.6 

327.1 
84.1 

1.5 
2.0 

76 

.438NS 

25 

.832** 

.872** 

-  92.0 

1615.9 

-291.6 

5465.8 

296.0 

1020 

.843** 

.935** 

-  8.9 

169.1 

-103.3 

1205.2 

32.0 

186 

.790** 

. 788** 

.2 

47.5 

-  1.5 

115.1 

12.0 

21 

off  and  sedinnent  accumulation  curves  (Dowdy  and 
Matolas  1964,  p. 8-76).  All  comparisons  v^ere  based 
on  assumption  of  linear  relationships,  since  tests 
of  several  of  the  more  questionable  cases  did  not 
clearly  indicate  curvilinearity.  Where  variances  were 
significantly  different,  approximate  tests  were  made 
with  adjusted  degrees  of  freedom. 

Three  broad  generalizations  are  at  first  apparent 
in  figure  7  and  in  table  3: 

1.  There  was  a  significant  drop  in  runoff  and  sedi- 
ment production  per  unit  of  excess  rainfall  from 
one  year  to  the  next  on  both  sparse-  and  dense- 
cover  plots  at  both  sites. 

2.  There  was  significantly  less  runoff  and  sediment 
production  per  unit  of  excess  rainfall  from  dense- 
than  sparse-cover  plots  at  both  sites  in  all  3  years. 

3.  There  was  significantly  less  runoff  and  sediment 
production  from  City  Creek  sparse-  and  dense- 
cover  plots  than  from  Pine  Crest  sparse-  and 
dense-cover  plots  in  all  3  years. 


These  generalizations  indicate  decreasing  runoff 
and  sediment  production  as  ground-cover  density 
increased  with  time.  However,  there  are  several 
noteworthy  exceptions  to  these  general  interpre- 
tations. 

The  City  Creek  sparse-cover  plots  did  not  show 
significant  change  in  the  excess-rainfall/runoff-pro- 
duction relationship  from  1961  to  1962  despite 
a  sharp  increase  in  average  ground-cover  density. 
The  regression  lines  in  figure  7  coincide  almost 
perfectly,  and  the  regression  equations  in  table 
3  are  almost  identical.  There  also  was  no  significant 
change  in  runoff  production  per  increment  of  excess 
rainfall  from  1962  to  1963.  The  slope  of  the  re- 
gression remained  almost  the  same.  However, 
a  significantly  greater  amount  of  excess  rainfall  was 
necessary  to  start  runoff  production  in  1963  than 
in  1961  or  1962.  Hence,  a  given  amount  of  excess 
rainfall  would  have  been  expected  to  produce  sig- 
nificantly less  runoff  in   1963  than  in  1961  or   1962. 


The  1961  and  1962  regressions  for  City  Creek 
sparse-cover  plots  indicate  slight  amounts  of  runoff 
when  there  was  no  rainfall  excess.  Although  no 
overall  slope  effects  were  readily  apparent,  slope 
steepness  may  have  been  a  factor  in  this  rather 
atypical  runoff  behavior.  Average  slope  gradient 
was  8  percent  greater  than  City  Creek  dense-cover 
plots  and  12  percent  greater  than  the  Pine  Crest 
sparse-cover  plots. 

A  second  exception  involves  runoff  production 
rates  on  City  Creek  dense-cover  plots.  They  show  a 
significant  decline  from  1961  to  1962  as  average 
total  ground  cover  increased  from  about  65  to  87 
percent,  but  the  trend  reversed  in  1963.  Runoff 
increased  slightly  despite  a  further  increase  in  total 
ground  cover.  The  only  apparent  explanation  is 
the  substantial  drop  in  live  cover  from  1962  to 
1963;  the  increase  in  total  cover  was  due  primarily 
to   litter   carryover   from   grass   production  in   1962. 

A  third  exception  involves  comparison  of  runoff 
production  rates  at  the  two  sites.  City  Creek  dense- 
and  sparse-cover  plots  had  more  total  ground  cover 
and  produced  less  runoff  per  increment  of  excess 
precipitation  than  Pine  Crest  dense-  and  sparse- 
cover  plots  in  both  1961  and  1962.  In  1963  the 
situation  reversed.  Pine  Crest  plots  yielded  sig- 
nificantly less  runoff  per  increment  of  excess  pre- 
cipitation than  City  Creek.  Total  ground  cover 
continued  slightly  greater  at  City  Creek  than  at 
Pine  Crest,  but  for  the  first  time  Pine  Crest  had 
more  live  cover  than  City  Creek. 

The  initial  generalizations  are  more  consistent 
for  sediment  comparisons  than  for  runoff.  There  ore 
no  noteworthy  exceptions,  which  in  itself  is  signifi- 
cant. For  example,  runoff  relationships  were  almost 
identical  on  City  Creek  sparse-cover  plots  in  1961 
and  1962,  yet  there  was  a  significant  drop  in  sedi- 
ment production  per  increment  of  excess  precipita- 
tion. Hence,  there  was  a  significant  drop  in  sedi- 
ment production  per  unit  of  runoff.  In  fact,  the 
decline  in  sediment  production  rates  was  of  greater 
relative  magnitude  than  for  runoff  throughout  the 
study  period,  which  indicates  a  steady  reduction 
of  sediment  yield  per  unit  of  runoff. 

Winter  Runoff 

The  test  plots  also  yielded  significant  winter 
runoff,  with  pronounced  differences  between  the 
two  sites.  The  City  Creek  plots  consistently  yielded 
from  two  to  six  times  more  snowmelt  runoff  than 
rainfall  runoff.    Pine  Crest  plots,  on  the  other  hand, 


produced  only  from  about  one-fourth  as  much  to 
about  the  same  amount  of  snowmelt  runoff  as  rain- 
fall runoff,  and  only  about  one-third  to  one-eighth 
as  much  as  City  Creek.  Snowmelt  runoff  did  not 
produce  significant  amounts  of  sediment. 

The  difference  in  snowmelt  runoff  between  the 
two  sites  was  primarily  due  to  differences  in  amount 
and  distribution  of  snow,  and  in  the  nature  of  soil 
freezing.  The  City  Creek  site  characteristically  re- 
ceived 1.5  to  1.7  times  more  winter  precipitation 
than  Pine  Crest.  At  City  Creek  snow  accumulated 
and  remained  on  the  ground  all  winter.  Little  snow 
accumulated  at  the  more  exposed  and  windswept 
Pine  Crest  site,  and  what  did  accumulate  usually 
melted  between  storms. 

Concrete  frost  characteristically  formed  at  City 
Creek  and  made  the  soil  practically  impervious 
to  water.  On  a  number  of  occasions,  sometimes 
in  midwinter,  a  1-  to  2-inch-thick  semifluid  layer  of 
free  water  and  soil  was  noted  on  top  of  still  solidly 
frozen  soil.  No  such  condition  was  ever  noted  at 
Pine  Crest;  frost  crystals  could  be  easily  seen  in  the 
top  3  to  4  inches  of  soil,  but  the  soil  could  still 
be  turned  easily  with  a  shovel. 

Winter  runoff  may  occur  in  any  of  the  winter 
months  in  the  Black  Hills.  South  and  southwest 
slopes  yield  runoff  more  evenly  distributed  through 
the  winter  months  than  do  the  north-facing  slopes. 
The  general  thaw,  which  usually  occurs  in  late  March 
or  early  April,  produces  the  bulk  of  snowmelt  runoff 
from  north  slopes. 

At  no  time  during  the  study  was  there  consistent 
evidence  of  a  relationship  between  snowmelt  runoff 
and  ground  cover.  The  amount  and  time  distribution 
of  snowmelt  runoff  was  controlled  primarily  by 
amount  and  aerial  distribution  of  snow  and  by 
aspect. 

Discussion 

Summer  storm  runoff  was  under  control  and  the 
soil  had  been  stabilized  by  the  end  of  the  4  years 
of  study— considerably  sooner  on  some  sites. 

From  a  strictly  statistical  standpoint,  the  plots 
in  general  yielded  significant  though  declining 
amounts  of  runoff  and  sediment  per  increment  of 
excess  precipitation  to  the  end  of  the  study.  Con- 
sider, however,  theproductionof  runoff  and  sediment 
in    relation    to    ground-cover    development   trends. 

Estimated  runoff  and  sediment  for  the  0.24-inch 
mean  of  excess  rainfall  per  observation  interval 
for  3  summers  of  record  at  both  sites  are  shown  in 
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table  3.  A  plot  of  these  values  against  average 
total  ground  cover  shovved  a  progressive  deceleration 
of  runoff  production  as  total  ground  cover  increased 
to  about  60  percent.  With  further  increase  in 
ground  cover,  runoff  declined  at  a  slow,  steady  rate 
of  only  about  0.01  inch  per  10  percent  increase 
in  ground  cover.  Sediment  production  showed  an 
even  sharper  deceleration  with  increasing  ground- 
cover  density,  und  it  too  leveled  out  to  a  low, 
constant  rate  at  about  60  percent  total  ground 
cover. 

In  a  1951  study  of  watershed  protection  require- 
ments, Packer  (1  951 )  showed  a  similar  type  of  rela- 
tionship, with  runoff  and  sediment  production  level- 
ing off  to  insignificant  rates  at  about  70  percent 
total  ground  cover.  His  study  involved  infiltrometer 
tests  on  wheatgrass  and  cheatgrass  range  on  coarse- 
textured  granitic  soils  in  south-central  Idaho.  A 
similar  infiltrometer  study  on  finer  textured  soils 
in  a  subalpine  range  in  central  Utah-^  showed  con- 
tinuing deceleration  of  runoff  all  the  way  to  100 
percent  ground  cover,  but  a  deceleration  of  sedi- 
ment production  to  a  slow,  constant  rate  at  about 
65  percent  total  ground  cover.  In  both  these 
studies,  the  approximate  ground-cover  densities  at 
which  sedimentation  rates  became  constant  were 
considered  the  safe  minimum  for  site  stability.  If 
the  same  criteria  are  applied  to  the  present  study, 
the  City  Creek  dense-cover  plots  reached  a  point 
of  minimum  stability  by  the  end  of  the  first  year 
after  the  burn,  the  Pine  Crest  dense  plots  by  the 
end  of  the  summer  in  1962,  and  the  sparse-cover 
plotsat  both  sites  by  the  end  of  the  summer  inl963 
—all    within    3   to  4   years   after   the  fire. 

If  the  transects  are  considered  more  represen- 
tative of  the  entire  burn,  the  60  percent  ground 
cover  criteria  indicates  that  generally  east-facing 
slopes  in  the  City  Creek  area  were  stabilized  by  the 
end  of  1961,  generally  west-facing  slopes  not  until 
about  midseason  1963,  and  the  general  Pine  Crest 
area  by  midsummer  1962. 

Seeded  species  dominated  the  cover  at  both 
sites  throughout  the  study  (fig.  5).  Seeded  species 
approached  or  exceeded  50  percent  of  live  cover 
and  reached  nearly  100  percent.  Actual  cover  pro- 
vided by  seeded  species  also  increased  steadily 
except  for  dense-cover  plots  in  1963.  These  plots 
Orz ,  Howard  K.  Runoff  and  erosion 
trends  on  two  subalpine  watersheds  in  central 
Utah.  1956.  (Unpublished  report  on  file  at 
Intermounta in  Forest  and  Range  Exp.  Sta. ,  U.S. 
Dep.    Agr. ,    Forest   Serv. ,    Ogden ,    Utah.) 


had  apparently  already  reached  their  herbaceous 
production  potential,  and  live  cover  declined  in 
apparent  response  to  a  drop  in  rainfall  from  the 
unusually  wet  year  1962. 

Sweetclover  was  a  relatively  important  cover 
component  at  both  sites  at  the  start,  but  quickly 
gave  way  to  the  grasses— timothy  and  Kentucky 
bluegrass  at  City  Creek,  and  timothy  and  smooth 
brome  at  Pine  Crest.  These  seeded  grasses  played 
key  roles  in  the  stabilization  process  in  two  special 
respects.  In  growth  characteristics  they  provided 
a  more  evenly  dispersed  cover  than  native  species— 
an  important  requirement  in  site  stability-^  (Packer 
1951)—  and  they  supplied  the  bulk  of  the  steady 
accumulation  of  litter  cover. 

In  the  early  stages  of  vegetation  development, 
when  density  was  low,  the  cover  provided  by 
seeded  species  must  have  supplemented  cover  pro- 
vided by  native  species,  since  total  cover  was 
generally  so  sparse  as  to  rule  out  the  likelihood 
of  serious  competition.  Even  with  liberal  allowance 
for  increasing  competition  as  cover  developed,  it 
is  reasonable  to  postulate  that  neither  site  would 
have  reached  a  60  percent  ground-cover  require- 
ment for  minimum  soil  stability  within  4  years  with- 
out the  seeding. 

Summary  and  Conclusions 

A  September  1959  fire  destroyed  virtually  all 
of  the  dominant  ponderosa  pine  forest  and  under- 
story  vegetation  on  4,500  acres  of  sloping  water- 
shed land  adjacent  to  the  town  of  Deadwood,  South 
Dakota.  Over  extensive  areas,  humuswasconsumed 
down  to  mineral  soil. 

Emergency  rehabilitation  measures  applied  the 
following  spring  included  aerial  application  of  1  1 
pounds  per   acre   of   a   grass-legume   seed  mixture. 

Small  plots  were  installed  during  the  summer 
of  1960  to  study  surface  runoff  and  soil  erosion 
trends  in  relation  to  establishment  of  seeded  and 
native  vegetation. 

Summer  storm  runoff  and  sediment  production 
were  closely  related  to  a  0.36-inch-per-hour  excess 
rainfall  factor.  Rates  of  production  per  unit  of 
excess  rainfall  declined  significantly  each  successive 
year  as  ground  cover  developed.  Gross  rainfall 
was  a  poor  indicator  of  both  runoff  and  soil  erosion. 
Snowmelt  on  frozen  ground  produced  substantial 
winter  runoff  at  one  site,  but  amounts  of  sediment 
were  insignificant. 
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As  ground  cover  developed,  summer  runoff  and 
erosion  rates  decelerated  until  coverdensity  reached 
about  60  percent  (live  vegetation  plus  litter).  As 
ground-cover  density  increased  beyond  60  percent, 
the  rates  of  surface  runoff  and  sediment  production 
decreased  slowly  and  steadily.  It  is  postulated 
that  total  ground  cover  must  equal  or  exceed  about 
60  percent  density  for  minimum  tolerable  runoff 
control  and  soil  stability.  With  this  criteria  as  a 
basis,  portions  of  the  burned  area  were  stabilized 
by  developing  vegetation  within  the  first  growing 
season,  and  all  of  the  sampled  area  was  stabilized 
by  the  end  of  the  fourth  growing  season. 

Minimum  soil  stability  probably  would  not  have 
been  achieved  in  four  growing  seasons  on  any  of 
the  sampled  sites  without  artificial  seeding.  Seeded 
timothy  dominated  the  ground  cover  on  stony  loam 
soils  throughout  the  period  of  study,  and  seeded 
Kentucky  bluegrass  increased  to  second-place  rating. 
On  finer  textured  soil  derived  from  limestone,  smooth 
brome  grass  developed  more  slowly  but  wascodomi- 
nant  with  timothy  by  the  end  of  the  fourth  growing 
season.  Yellow  sweetclover  provided  significant 
cover  during  the  first  twogrowing  seasons,  especially 
on    the  finer  textured   soil,   then  declined   rapidly. 
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COMMON  AND  BOTANICAL  NAMES  OF  PLANTS  MENTIONED 


COMMON  NAME 


BOTANICAL  NAME  AND  Al'THOR 


SHRUBS 

American  red  raspberry 

Bearberry 

Common  chokecherry 

Common  juniper 

Creeping  mahonia 

Rose 

Serviceberry 

Snowbrush  ceanothus 

Spirea 

TREES 

Ponderosa  pine 

LEGUMES 


Rubus  stvigosus  Michx. 

Aratostaphylos  uva-ursi    (L.)   Spreng. 

Prunus   virginiana   L. 

Juniperus  aorrmunis   L . 

Mahonia  repens   (Lindl.)   G.    Don 

Rosa  sp. 

Ametanahier   sp. 

Ceanothus  velutinus   Dougl . 

Spiraea   sp. 


PinuB  ponderosa   Laws . 


GRASSES 

Cheatgrass 
Kentucky  bluegrass 
Smooth  brome 
Timothy 
Wheatgrass 

FORBS 

American  dragonhead 

Aster 

Carolina  geranium 

Clematis 

Spreading  dogbane 

Wild  lettuce 


Bromus  teatorum   L. 

Poa  pratensis   L. 

Bromus   inermis   Leyss. 

Phlewn  pratense   L. 

Agropyron  inerme   (Scribn.  &  Sm. )  Rydb. 


Dracoaephalum  parviflorum   Nutt. 

Aster   sp. 

Geranium  aarolinianum   L. 

Clematis   sp. 

Apocynum  androsaemifolium   L. 

Lactuaa   sp. 


Hairy  vetch 
Yellow  sweetclover 


Vioia  villosa   Roth 

Melilotus  officinalis    (L.)  Lam, 


Acrieallora  —  C8U.  Ft  CoUini 
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About    The   Potest   Setyiee.    .    .    . 


As  our  Nation  grows,  people  expect  and  need  more  from  their  forests— more 
wood;  more  water,  fish  and  wildlife;  more  recreation  and  natural  beauty;  more 
special  forest  products  and  forage.  The  Forest  Service  of  the  U  .  S.  Department 
of  Agriculture  helps  to  fulfill  these  expectations  and  needs  through  three  major 
activities: 

•  Conducting  forest  and  range  research  at  over  75  locations  ranging  from 
Puerto  Rico  to  Alaska  to  Hawaii. 

•  Participating  with  all  State  forestry  agencies  in  cooperative  programs  to 
protect,  improve,  and  wisely  use  our  Country's  395  million  acres  of  State, 
local,  and  private  forest  lands. 

•  Managing  and  protecting  the  187-million  acre  National  Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the  new  knowledge  that 
research  scientists  develop;  by  setting  an  example  in  managing,  under  sustained 
yield,  the  National  Forests  and  Grasslands  for  multiple  use  purposes;  and  by 
cooperating  with  all  Slates  and  with  private  citizens  in  their  efforts  to  achieve 
better  management,  protection,  and  use  of  forest  resources  . 

Traditionally,  Forest  Service  people  have  been  active  members  of  the  com- 
munities and  towns  in  which  they  live  and  work.  They  strive  to  secure  for  all, 
continuous  benefits  from  the  Country's  forest  resources . 

For  more  than  60  years,  the  Forest  Service  has  been  serving  the  Nation  as 
a  leading  natural  resource  conservation  agency. 


artillery  control  ofa 


ntain  highways 


Noel  C.  Gardner 
Arthur  Judson     J 


. ' -r  pj-  3  P  A     Forest  Servi^-»|k.- 
v^  -        Rei^fch   Paper  IIM-6J  > 

,c,pfe..*JJ70/    J 
if    d\l-        ■    i>f^' 


;•  .\ 


Forest  Service 
U.S.  Department  of  Agriculture 

Rocky  Mountain   Forest  and 
Range  Experiment  Station 


ABSTRACT 


Presents  planning  and  operational  procedures,  and  discusses 
criteria  for  avalanche  control  and  the  evaluation  of  avalanche 
hazard  based  on  field  data.  Outlines  a  method  for  determining 
when  gunfire  should  commence.  Gives  basic  information  neces- 
sary for  formulating  operational  forecasts  for  highway  maintenance 
and  avalanche  control  personnel  based  on:  mountain  weather 
forecasts,  traffic  density,  and  current  snow  conditions.  Explains 
instrument  needs  in  detail. 

Keywords:      Avalancties,  snow  density,  anemometers,  meteoro- 
logical  instruments,   roads. 


About   the   cover: 

Sighting  an  artillery  piece  on   the  starting 
zone  of  Alta' s  Superior  avalanche,   one  of 
several   avalanches  which   threaten   the  busy 
highway  between  Alta  and  Salt  Lake  City, 
Utah.      Photo  courtesy  of  E.    R.    LaChapelle. 
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FOREWORD 


While  practical  experience  and  intuition  have  been  the  main- 
stays of  avalanche  control  operations  in  the  past,  the  increasing 
avalanche  hazard  on  mountain  highways  calls  for  more  reliance 
on  instruments  and  semiquantitative  methods  for  determining 
avalanche  hazard.  Snow  is  a  difficult  material  to  work  with 
because  it  is  constantly  changing,  and  the  spatial  variations  in 
its  physical  and  mechanical  properties  are  great.  Further,  it  is 
difficult  and  sometimes  dangerous  to  make  observations  and  take 
measurements  on  snow  in  avalanche  starting  zones  where  such 
data  are  most  valuable.  On  the  bright  side,  techniques  for  evalu- 
ating avalanche  danger  are  improving,  reliable  field  instruments 
are  more  available  than  before,  and  data  on  weather,  snow, 
and  avalanches  are  now  being  gathered  at  some  21  mountain 
sites  in  North  America.  Research  personnel  are  optimistic  that 
the  availability  of  large  quantities  of  good  data  will  eventually 
lead  to  useful  new  evaluation  techniques. 

Information  presented  in  this  Paper  will  aid  field  personnel 
engaged  in  avalanche  operations;  the  techniques  described  here 
were  tested  and  successfully  used  on  a  mountain  highway  in 
Canada. 
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Increasing  winter  use  of  mountain  highways 
threatened  by  avalanches  has  intensified  the  need 
for  good  avalanche  control  programs.  Although 
complete  protection  from  avalanches  is  not  eco- 
nomically feasible,  a  well-planned  avalanche  defense 
system  including  both  artillery  and  structural  control 
provides  maximum  protection  at  reasonable  cost. 
Schaerer  (1962a,  1962b)  explains  this  well  in  his 
publications  on  the  Rogers  Pass  project  in  Western 
Canada.  Recent  publications  by  Frutiger  (1964), 
Mellor  (1968),  and  by  Frutiger  and  Martinelli  (1966) 
provide  much  additional  information  on  structural 
control. 

The  purpose  of  this  Paper  is  to  present  planning 
and  operational  procedures  necessary  for  effective 
control  of  highway  avalanches  by  means  of  artillery; 
it  will  show  how  weather,  snow,  and  avalanche 
data  can  be  used  to  determine  the  timing  of  gunfire. 
When  control  measures  are  properly  timed  and 
applied  in  a  sequence  determined  by  avalanche 
behavior  during  past  storms,  protection  from  ava- 
lanches is  achieved  with  only  brief  interruptions 
in  traffic  flow. 

Techniques  presented  are  based  on  v/ork  con- 
ducted at  the  avalanche  stations  at  Rogers  Pass, 
Canada;  Berthoud  Pass,  Colorado;  Alta,  Utah;  and 
several  other  locations  in  the  mountainous  west. 
They  were  operationally  tested  during  the  1962-65 
winters  at  Rogers  Passon  theTrans-Canada  Highway. 
Recommended  instruments  (see  appendix  B)  were 
field  tested  at  10  mountain  sites  in  the  western 
United  States  and  at  Rogers  Pass,  Canada.  Pro- 
cedures for  establishing  blind-firing  data  were  pro- 
vided by  the  former  chief  of  avalanche  control 
at  the  1960  Winter  Olympics.^ 

While  the  avalanche  control  problem  at  Rogers 
Pass  is  more  complex  than  at  other  areas  in  North 
America,  the  concepts  treated  here  can  be  applied 
along  any  transportation  route  where  avalanche 
hazard  is  serious.  For  example,  the  techniques 
could  be  directly  applied  on  Red  Mountain  Pass 
In  Colorado  and  on  the  Granduc  access  road  from 
Stuart  to  Tide  Lake,  British  Columbia.  With  slight 
modifications,  they  could  be  applied  at  several 
other  locations  in  the  western  United  States. 

^Personal  communication  with  Richard  M. 
Stillman,  Rocky  Mt .  Region,  USDA  Forest  Serv., 
Denver,  Colo. 


The  objective  of  artillery  control  of  avalanches 
above  highwaysis  toartificially  release  snow  accumu- 
lations under  controlled  conditions  while  traffic  is 
stopped  in  a  safe  location.  Creating  small  ava- 
lanches that  stop  short  of  the  road  is  ideal.  This 
is  sometimes  possible  when  highways  traverse  the 
runout  zone  of  avalanches;  it  is  not  possible  when 
the  road  intersects  avalanches  at  midtrack  level, 
as  they  do  at  many  locations  in  the  central  Rockies. 
At  such  areas,  the  objective  is  to  artificially  release 
avalanches  that  produce  small  amounts  of  snow 
on  the  highway,  which  can  be  quickly  removed  by 
maintenance  equipment. 

Avalanche  hazard  on  highways  can  be  mini- 
mized by  an  effective  artillery  program  in  all  but 
the  worst  storm  conditions.  Control  programs  are 
considered  effeciive  when  95  percent  or  more  of 
all  avalanches  affecting  the  highway  areprecipitated 
by  gunfire. 

Reduction  of  traffic  stoppages  due  to  natural 
avalanches  is  important,  particularly  along  stretches 
where  the  slide  density  is  high  and  multiple  paths 
affect  the  road.  For  example,  near  Loveland  Pass, 
Colorado,  seven  slide  paths  cross  U.  S.  hiighway 
6  in  one-half  mile.  The  probability  that  one  of 
these  avalanches  will  strike  a  moving  vehicle  is 
much  less  than  the  strike  probability  for  vehicles 
halted  under  these  slides.  For  instance,  if  the  fourth 
avalanche  in  the  group  ran  across  the  road,  traffic 
would  be  stopped  on  both  sides  of  the  obstruction, 
and  cars  would  be  directly  exposed  to  the  six  re- 
maining avalanches.  Using  the  criterion  that  when 
one  avalanche  falls,  others  in  the  same  vicinity 
are  likely  to  follow,  the  hazard  quickly  becomes 
very  high.  This  type  of  situation  occurs  frequently 
on  highways  where  avalanches  are  uncontrolled, 
or  where  control  measures  are  only  initiated  when 
traffic  density  is  low  and  visibility  is  good.  Such 
control  in  convenient,  and  would  provide  adequate 
protection  if  avalanches  could  be  released  with  any 
degree  of  assurance  after  a  certain  amount  of  snow 
accumulated  on  the  paths,  but  slides  can  only  be 
released  when  snow  is  unstable. 

Stability  of  both  new  and  old  snow  layers  con- 
tinuously changes  in  response  to  variations  in  tem- 
perature and  load;  instability  in  snow  is  often  short- 
lived. For  this  reason,  continuous  records  on 
weather  and   snow  conditions  are  basic  to  the  sue- 
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cess  of  the  control  program.  When  interpreted  by 
an  experienced  avalanche  hazard  forecaster,  these 
data  make  substantial  monetary  savings  possible 
because  of  increased  efficiency  in  control  operations. 
Criteria  for  avalanche  control,  avalanche  hazard 
forecasting,  and  conduct  of  operations  are  discussed 
at  length  in  this  Paper.  Fundamental  considerations 
include  a  current  mountain  weather  forecast,  informa- 
tion on  traffic  density,  and  an  evaluation  of  ava- 
lanche hazard  based  on  field  data. 

I.   PRELIMINARY  CONSIDERATIONS 

Locations  for  a  base  forecast  station,  remote 
sensing  stations,  and  a  level  snow  study  plot  must 
be  selected  with  regard  to  access  and  safety.  When 
a  forecast  area  includes  more  than  one  climatic 
zone,  additional  stations  ore  needed  to  give  repre- 
sentative data  on  precipitation,  temperature,  and 
wind  conditions  in  avalanche  areas  not  represented 
by  the  base  station  instruments.  An  engineering 
survey   is   necessary  to  establish  gun  positions  and 


locate   targets.      This   permits   gun   crews  to  fire  on 
targets  as  needed,  regardless  of  visibility. 

1 .   Location  of  Station  and  Study  Areas 

Base  Station 

The  base  station  (fig.  1)  serves  as  a  data  collec- 
tion center  where  information  on  weather,  snow, 
avalanches,  and  traffic  density  are  received  and 
analyzed.  It  should  be  centrally  located  within  the 
avalanche  area  at  an  elevation  and  exposure  repre- 
sentative of  weather  and  snow  conditions  found  at 
the  midtrack  level  of  many  of  the  avalanches  re- 
quiring control.  The  site  should  include  a  level  test 
field  100  feet  square  suitable  for  the  collection  of 
basic  snow  and  weather  data.  A  small  park  sur- 
rounded by  trees  that  provide  shelter  from  wind 
is  good,  if  the  distance  from  the  base  station  is  not 
more  than  5  minutes'  travel  on  skis.  The  test  field 
should  not  be  within  200  feet  of  the  nearest  build- 
ing, as  snow  deposition  in  such  areas  is  influenced 


by  local  vortices  formed  by  windflow  around  build- 
ings. Surrounding  terrain  should  include  a  number 
of  small  avalanche-prone  test  slopes  suitable  for 
snow-stability  checks  during  storms.  The  test  slopes 
should  be  within  one-fourth  mile  of  the  base  station. 
Base  station  access  should  be  avalanche-free 
and  open  for  oversnow  vehicles  even  during  severe 
storms.  Wands  spaced  at  intervals  of  50  feet  or 
less    insure    safe   travel    in   "white-out"   conditions. 

Remote  Stations 

Remote  stations  are  used  to  sample  wind  and 
temperature  at  starting  zone  elevations.  A  location 
at  the  head  of  a  catchment  basin  in  the  center  of 
the  forecast  area  is  desirable.  Data  can  be  trans- 
mitted to  the  base  station  by  cable  if  the  distance 
is  less  than  2  miles,  or  by  radio  telemetry  for 
greater  distances  (Neal  1962).  The  number  of 
remote  stations  needed  is  dictated  by  the  amount 
of  vertical  relief,  orientation  and  complexity  of  ter- 
rain, and  size  of  the  forecast  area. 

Selection  of  Representative  Test  Exposures 

Avalanche-prone  test  slopes  are  selected  in  the 
vicinity  of  the  base  station.  They  should  represent 
snow  conditions  in  the  starting  zones  of  several 
avalanches  in  the  forecast  area.  Exposure,  ele- 
vation, loading  characteristics,  and  relation  to  tim- 
bered areas  are  important  considerations.  Steep 
slopes  (25  to  40  degrees)  with  several  aspects  are 
desirable.  Slope  distance  from  top  to  bottom  should 
noT  exceed  300  feet  for  reasons  of  safety.  Safe 
approach  routes  are  needed.  Final  test  areas  should 
be  chosen  after  the  first  one  or  two  winters  of 
field  work. 

2.   Planning  the  Artillery  Control  Program 

Targets 

Target  selection  is  time  consuming,  and  requires 
experienced  personnel  and  up-to-date  contour  maps; 
it  is  facilitated  by  a  collection  of  good  photographs 
that  show  the  normal  winter  snow  distribution  pat- 
terns in  the  starting  zones.  Pictures  showing  frac- 
ture lines  in  these  zones  are  especially  useful.  All 
significant  catchment  basins  should  be  surveyed 
in  winter,  and  again  in  summer  after  the  snow 
melts.  Select  targets  where  high  tensile  stress 
concentrations  are  expected.  Take  advantage  of 
convex  slope  transitions,  steeply  tilted  snowfields 
beneath   cornices,    and   the  flaring  of  steep  gullies. 


In  complex  terrain  where  several  starting  zones 
lie  at  different  elevations  in  an  avalanche,  locate 
the  primary  target  on  the  highest  release  point, 
so  the  avalanching  snow  will  trigger  other  starting 
zones  as  it  descends.  Care  is  needed  in  selecting 
high-elevation  targets  to  insure  that  projectiles  do 
not  endanger  areas  beyond  the  intended  impact 
point. 

Two  sets  of  winter  photographs  are  needed. 
The  first  set,  consisting  of  aerial  obliques,  must 
clearly  depict  starting  zones,  tracks,  runout  zones, 
and  the  highway.  Selected  targets  are  pinpointed 
on  these  photos.  A  second  set  of  winter  photos 
is  taken  from  proposed  gun  positions.  Targets  on 
aerial  obliques  are  transferred  to  the  gun-position 
photos.  This  set  is  used  for  training  and  orientation 
of  gun  crews. 

Gun  Positions 

Gun  positions  are  chosen  on  the  basis  of  crew 
safety,  accessibility,  and  the  number  of  targets  that 
can  be  hit  from  a  single  location.  Firing  positions 
must  be  safe  from  avalanches  and  associated  air- 
blast  in  the  worst  storm  and  avalanche  conditions. 
They    should    be    accessible    24   hours   a   day,   pre- 
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cisely  located,  and  must  be  easily  identified,  in 
the  case  of  mobile  weapons,  wheel  and  trail  posi- 
tions are  marked  at  a  location  along  the  side  of 
the  highway  (fig.  2).  Extra  highway  width,  60  feet 
in  length,  beyond  the  normal  shoulder  provides 
room  for  operating  mobile  guns.  Gun  positions 
that  permit  clear  lines  of  fire  to  as  many  targets 
as  possible  are  best.  Firing  over  structures  should 
be  avoided;  if  it  is  absolutely  necessary,  the  dis- 
tance to  the  furthest  structure  must  be  less  than 
two-thirds  of  the  target  range  (Mellor  1968). 

Suitable  Weapons 

Data  obtained  from  the  target  and  gun  location 
surveys  determine  the  number  and  type  of  artillery 
pieces  needed  for  control.  Fundamental  considera- 
tions include  accuracy,  safety,  range,  and  mobility. 
The  75  mm  and  105  mm  recoilless  rifles  work  espe- 
cially well  where  ranges  do  not  exceed  7,000  yards. 
Both  weapons  require  a  two-man  team,  are  highly 
mobile,  and  may  be  mounted  in  a  pickup  truck. 
When  fixed  mounts  are  desired,  weapons  are  mounted 
on  a  cinderblock  tower  at  a  height  above  the  maxi- 
mum expected  snow  depth.  This  allows  for  back- 
blast  clearance,  and  provides  storage  space  for 
ammunition  inside  the  tower. 

The  75  mm  weighs  only  167  pounds  and  is 
highly  accurate  up  to  2,500  yards.  The  700-pound 
105-mm  recoilless  is  more  reliable  at  long  range 
(to  7,000  yards),  yet  retains  the  accuracy  and  sim- 
plicity of  the  75  mm.  A  shortcoming  of  this  weapon 
is  its  limited  traverse  range  (60°  against  360°  for 
the  75  mm).  A  shop  modification  will  correct  this 
inadequacy.^  The  75  mm  pack  howitzer  is  also 
reliable,  easily  handled  by  two  men,  and  is  accurate 
to  9,000  yards.  This  weapon  may  be  towed  behind 
a  pickup  truck.  Another  highly  mobile  weapon  is 
the  commercially  available  avalauncher.  With  a 
range  of  2,500  yards,  this  compressed  gas  gun  can 
be  fired  in  restricted  areas  due  to  its  lack  of  back- 
blast  and  shrapnel.  It  is  a  light  weapon  (about 
200  pounds),  costs  approximately  $600,  and  unlike 
most  military  weapons,  is  readily  available  for  civilian 
use.  A  two-man  crew  is  recommended.  The  ava- 
launcher has  a  higher  percentage  of  duds,  is  less 
accurate,  and  lacks  the  safety  of  military  weapons. 
Research  and  development  work  now  being  con- 
ducted promise  to  alleviate  these  drawbacks  in 
the  future. 

■^Personal  communication  with  Richard  M. 
Stillman,  Rocky  Mt .  Region,  USDA  Forest  Serv., 
Denver,   Colo. 


The  105  mm  howitzer  is  recommended  when 
the  target  range  exceeds  9,000  yards.  At  5,000 
pounds,  it  is  the  heaviest  weapon  approved  for 
avalanche  control  work.  The  gun  requires  at  least 
a  five-man  crew;  eight  men  are  recommended  for 
maximum  efficiency.  The  projectile  delivers  suf- 
ficient shock  to  either  stabilize  or  release  snow  in 
any  starting  zone.  The  weapon  has  a  limited  tra- 
verse  range   and   its   mobility    is  less  than  desired. 

Two  fuse  settings  are  available  with  ammunition 
supplied  for  the  military  weapons  discussed  here. 
Fuses  can  be  set  with  a  screwdriver  for  superquick 
or  0.05-second  delay.  The  adjustment  slot  is  posi- 
tioned on  the  side  of  the  nose  cone.  Most  ammu- 
nition is  supplied  with  the  superquick  fuse  setting 
already  made:^  This  results  in  shell  burst  on  the 
snow  surface,  which  is  desired  in  most  control  work. 
The  delayed  fuse  setting  is  used  when  high-strength 
(hard  slab)  snow  layers  are  underlain  by  fragile 
low-strength  (depth  hoar)  layers  deep  in  the  snow 
cover.  The  normal  procedure  in  such  cases  is  to 
use  a  surface  detonation  round  first,  followed  im- 
mediately by  a  round  with  a  delayed  fuse  setting; 
a  reverse  order  is  preferred  by  some  control  teams. 
When  the  snow  cover  in  a  starting  zone  is  excep- 
tionally deep  (10  m  deep  or  more)  a  delayed  round 
followed  by  a  surface  detonation  is  preferred.^ 
Cornice  control  work  also  calls  for  use  of  delayed 
fuse  settings,  since  an  explosion  at  depth  is  most 
effective.  Great  care  must  be  exercised  in  shooting 
cornices,  as  it  is  possible  for  delay-fused  rounds 
to  pass  through  the  cornice  and  detonate  as  an 
air  burst  on  the  other  side.-^ 

Blind  Firing  Data 

Blind  firing  data  are  recorded  when  the  target 
area  is  snow  covered  so  the  powder  marks  can  be 
clearly  seen.  The  weapon  is  set  in  position,  the 
target  is  bore  sighted,  an  initial  mil  reading  is 
obtained  from  the  gunner's  quadrant,  and  a  test 
round  is  fired.  The  first  round  will  fall  below  the 
target.  The  gun  is  then  bore  sighted  on  the  powder 
mark  left  by  the  first  round,  and  a  new  mil  reading 
is  taken.  The  difference  between  the  two  mil 
readings  is  added  to  the  initial  mil  setting  on  the 
gunner's  quadrant.  The  gun  is  then  elevated  to 
the  new  setting  and  a  second  round  is  fired.  This 
projectile  should  be  on  target.  If  not,  the  procedure 
is  repeated,  and  a  third  round  is  fired.  A  fourth 
round  is  seldom  necessary.  Aiming  stakes  are 
placed  along  the  firing  line  to  each  target  for  hori- 
zontal   control.       Firing    data    for    each   target   are 


recorded  on  waterproof  cards,  for  later  use  by  con- 
trol teams. 

Selection  of  Traffic  Control  Points 

For  safety  purposes,  all  traffic  must  be  blocked 
from  the  stretch  of  highway  where  artillery  is  being 
used.  Vehicles  ore  halted  in  a  safe  location  called 
a  ponding  site.    These  sites  should  be: 

1.  Safe  from  natural  avalanches  and  from  sympa- 
thetic releases  caused  by  shell  bursts  within  the 
control  area; 

2.  Large  enough  to  hold  all  vehicles  which  will 
pass   the    control    point    in    a   space   of   2  hours; 

3.  On  a  grade  gentle  enough  to  allow  stopping 
without  skidding  into  vehicles  already  stopped, 
and  to  permit  starting  without  spinning  out; 

4.  As  free  as  possible  from  drifting  snow; 

5.  Of  sufficient  width  to  allow  cars  and  small  trucks 
to  turn  around  in  the  event  of  a  prolonged  delay. 

Adequate  barriers  must  be  erected  at  traffic 
control  points.  These  may  be  permanent  gates  that 
can  be  easily  closed  and  locked,  or  portable  barriers 
that  can  be  carried  in  the  back  of  a  half-ton  truck 
and  quickly  erected  across  the  highway  by  one 
man.  The  barrier  must  be  clearly  identified  with 
appropriate  color  and  signing.  Warning  signs  of 
approach  to  the  roadblock  are  posted  at  the  entry 
to  the  ponding  area.  Each  traffic  control  area 
should  be  manned  by  a  member  of  the  highway 
department  using  a  radio-equipped  four-wheel-drive 
vehicle.  The  vehicle  should  be  equipped  for  towing 
and  winching,  and  should  contain  first-aid  supplies 
and  avalanche  rescue  equipment. 


vation  and  position  representative  of  a  large  number 
of  starting  zones  in  the  control  area.  Recorders 
should  be  located  at  the  base  station  in  a  heated 
room.  A  rugged  wind  system  that  will  withstand 
windspeeds  up  to  125  m.p.h.  under  icing  conditions 
is  needed.  The  standard  3-cup  S-type  (beaded, 
conical,  copper  cups)  anemometers  (fig.  3)  are  satis- 
factory and  have  been  used  at  mountain  weather 
stations  throughout  the  western  United  States  and 
Canada.  Six-hour  averages  of  windspeed  and  direc- 
tion are  adequate  for  assessing  snow  transport  into 
catchment  basins,  although  shorter  intervals  are 
used  during  certain  storms. 


V-cQuJie,  3.--B^ad^d,   conical,   copptn.  cup,   g?n- 
eAouting  ammomoXo/i  on  a  3,81 0-m     mountain 
iummiX  nojxA  BoAthoud  Pom,   Colorado.     Tkii 
-ci  tlie.  WccUlic^  BuAeau  Model  T-420  Mindipzed 
tAammitteA.     The  thAce.  300-wcutt  incandes- 
cent tamp6  prevent  nJjnt  ^onjnation  on  the 
cupi>  and  provide  a  total  fuidiant  (^Lix  OjJ 
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II.   OBSERVATIONS  AND  INSTRUMENTATION 

Detailed  observations  on  weather,  snow,  and 
avalanches  ore  essential  to  any  evaluation  of  ava- 
lanche hazard.  Continuity  of  the  data  are  also 
important,  because  methods  used  todeterminewhen 
control  action  should  begin  depend  on  continuous 
records. 


3.    Data  and  Instrumentation 


Wind 


Windspeed  and  direction  should  be  continuously 
recorded  from  an  exposed  peak  or  ridge  at  an  ele- 


Basically,  two  types  of  wind  systems  con  be 
used.  One  utilizes  electrical  contacts  on  both  vane 
and  anemometer,  and  requires  from  6  to  1  2  volts 
D.C.  The  vane  transmits  eight  directions  and  the 
anemometer  each  mile  of  wind  travel.  An  opera- 
tions event  recorder,  with  a  chart  speed  of  3  inches 
per  hour,  contact  arc  suppressor,  and  power  supply 
are  needed  with  this  arrangement.  The  other  wind 
system  consists  of  a  variable-resistance  vane  and  an 
anemometer  which  is  a  D.C.  generator.  A  twin- 
channel  analog  recorder  with  an  internal  resistance 
of  1400  ohms  and  a  1  milliamp  full-scale  pen  deflec- 
tion is  used  to  record  windspeed  and  direction. 
The  generating  anemometer  does  not  requirepower, 
but   the  vane  requires  a  5  volt  D.C.  power  supply. 


The  anemometer  circuit  utilizes  a  5K  ohm  trim 
potentiometer  in  series  with  the  recorder  and  a  2K 
ohm  trim  potentiometer  in  parallel  with  the  recorder 
to  make  it  possible  to  adjust  for  the  resistance 
offered  by  long  land  lines.  Both  anemometer  and 
vane  circuits  are  fused  to  protect  the  recorder  from 
line  surges. 

The  U.S.  Weather  Bureau's  model  F-420  ane- 
mometer and  vane  have  proven  to  be  reliable 
in  severe  mountain  weather,  and  are  recommended 
for  the  analog  wind  system.  A  post-factory  modi- 
fication is  needed  on  this  anemometer.''  The 
analog  wind  system  gives  more  complete  data  than 
the  contact  system,  although  it  requires  greater 
technical  know-how  for  calibration  and  maintenance. 
Six-hour  averages  are  closely  approximated  by  aver- 
aging the  first  15  minutes  of  every  other  hour  from 
the  analog  strip  chart.  Peak  gusts  are  read  directly 
from  the  chart.  A  chart  speed  of  1 '72  inches  per 
hour  is  recommended  for  ease  of  reading  without 
undue  loss  of  detail. 

If  cable  is  used  with  either  system,  it  should  be 
shielded  and  either  buried  or  supportedon  telephone 
poles  at  a  height  exceeding  the  maximum  expected 
snow  depth.  A  carrier  cable  is  necessary  for  over- 
head cables.  Icing,  lightning,  animals,  snow  creep, 
water,  and  bulldozers  are  common  sources  of  trouble 
with  cable  systems. 

Anemometers  at  exposed  locations  become 
covered  with  rime  and  require  infrared  heat  units; 
2.5  cm  of  soft  rime  on  a  cup  anemometer  reduces 
rotational  velocity  by  50  percent  at  30  m.p.h.  The 
minimum  radiant  flux  needed  tode-iceanemometers 
under  most  icing  conditions  is  0.5  watt  per  square 
centimeter.  This  is  provided  by  900  watts  of 
radiated  power  from  incandescent  lamps  (fig.  3) 
at  a  distance  of  45  cm  below  the  cups  (Judson 
1969).  The  cups  should  be  painted  a  high-gloss 
black.  When  1  10  volt  power  is  not  available  and 
rime  is  a  problem,  it  is  necessary  to  search  for  a 
less  exposed  site  near  or  below  timberline.  Relation 
of  wind  at  this  site  to  that  at  the  more  exposed 
location  should  be  checked  by  running  anemometers 
at  both  locations  when  there  is  no  riming.  Other 
things  being  equal,  tower-mounted  ridgecrest  ane- 
mometers (fig.  4)  give  better  data,  are  less  influ- 
enced by  local  terrain,  and  are  preferred  over  wind 
sensors  at  sheltered  sites. 


*For  details,    contact   ESSA   Weather  Bureau 
Reconditioning  Center,   Joliet,   111. 
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Temperature 

Air  temperature  is  required  from  the  base  station 
study  field.  Maximum,  minimum,  and  current  tem- 
peratures are  read  every  12  hours  from  standard 
liquid-in-glass  thermometers  mounted  in  a  standard 
instrument  shelter.  Additional  readings  are  needed 
when  starting  zone  elevations  are  more  than  1,000 
feet  higher  than  the  base  station.  In  this  case,  tem- 
peratures should  be  transmitted  to  the  base  station 
from  remote  stations  along  with  wind  data  (fig.  5). 
Precalibrated  thermistors  housed  in  special  radiation 
shields  make  good  remote  temperature  sensors. 
Their  output  may  be  recorded  on  either  analog 
or  event  recorders.  When  using  the  latter,  the 
temperature  is  read  out  in  binary.  Use  of  remote 
sensors  will  determine  the  elevation  of  the  freezing 
level  during  storms  that  produce  rain  in  lower  ele- 
vations. Determination  of  this  level  is  a  critical 
factor  in  avalanche  hazard  forecasting. 

Precipitation  Measurements 

Precipitation  is  measured  at  the  base  station  test 
field.  Measurements  should  be  representative  of 
conditions  at  the  midtrack  level.  A  recording  rain 
and  snow  gage  with  a  7-day  clock  and  an  electric 
chart  drive,  snowboards,  and  snow  stakes  are  used. 
The   recording   gage   provides   a   continuous   record 
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of  precipitation.  The  8-inch  can  is  used  as  the  stan- 
dard 24-hour  precipitation  amount  for  historical 
records  when  it  is  known  that  rain  occurred,  or  when 
the  water-equivalent  core  reading  determined  from 
the  24-hour  snowboard  is  affected  by  local  drifting. 
Four  snowboards  give  additional  information 
needed  at  the  base  station.  They  are  portable 
and  have  a  plywood  base  with  an  area  of  about 
1,000  cm^.  Attached  to  the  base  is  a  meter  stick 
reinforced  by  wood  or  metal  backing.  Total  snow 
depth  on  the  ground  is  read  from  a  permanently 
anchored  snow  stake.  Height  of  this  stake  should 
exceed  the  expected  maximum  snow  depth  at  the 
site  by  at  least  1  m.  All  stakes  and  snowboards 
are  painted  white  to  reduce  radiation  melting.  The 
four  snowboards  are  clearly  labeled  to  avoid  con- 
fusion. The  first  of  these  is  the  storm  board.  It 
is  set  flush  with  the  snow  surface  and  remains 
in  place  until  the  end  of  each  storm,  when  it  is 
cleaned  and  reset  flush  with  the  new  snow  surface. 
This  board  gives  cumulative  new  snow  depth  during 
storms.     It  gives  valuable  information  on  settlement 


when  compared  with  other  snowboards,  if  wind 
has  not  disturbed  the  test  field.  The  24-hour  board 
is  read  and  reset  daily  at  the  same  time  as  tem- 
peratures and  total  snow  depth.  It  is  the  basis  for 
the  daily  water  equivalent  and  new  snow  depth 
for  weather  station  records.  Next  is  the  Interval 
board,  which  is  read  frequently  throughout  each 
storm.  Snow  cores  are  taken  from  this  board  for 
each  10  cm  of  new  snow.  The  board  is  cleaned 
and  reset  flush  with  the  snow  surface  after  each 
measurement.  Readings  from  the  interval  board 
are  plotted  against  storm  duration  as  part  of  the 
storm  plot.  The  fourth  and  last  snowboard,  called 
the  shoot  board,  is  set  flush  with  the  snow  surface 
immediately  after  the  first  stabilization  attempt  dur- 
ing a  storm.  It  serves  as  a  reminder  of  avalanche 
regeneration  during  a  prolonged  storm  or  a  series 
of  small  storms.  Information  from  this  board  alerts 
the  forecaster  to  the  cumulative  precipitation  rate 
curve   on  the  storm  plot  (see  Part    I    of  storm  plot, 

fig.  12). 

Weight  of  the  new  snow  in  grams  per  square 
centimeter  (g  cm"'  ),  used  in  evaluating  avalanche 
hazard  on  the  storm  plot,  is  obtained  by  taking 
a  snow  sample  or  core.  An  aluminum,  thin-wall, 
open-ended  tube  with  a  3-inch  diameter  has  proven 
very  satisfactory  for  these  measurements,  and  is 
easier  to  handle  than  an  8-inch  can.  The  tube 
should  be  at  least  30  cm  long,  or  roughly  equiva- 
lent to  the  maximum  new  snow  depth  expected  in 
a  12-hour  period.  To  obtain  a  snow  sample,  the 
tube  is  thrust  vertically  through  the  new  snow  to 
the  base  of  the  snow  board.  A  wide  spatula  is 
inserted  between  the  lower  end  of  the  tube  and 
the  board  so  the  tube  and  sample  can  be  lifted 
out.  Contents  of  the  tube  are  dumped  in  a  plastic 
bag  and  weighed.  Weight  in  grams  divided  by  the 
cross-sectional  area  of  the  tube  in  cm'  gives  the 
required  unit. 


4.    Stability  of  New  Snow 

Depth  and  stability  of  unsettled  snow  in  an 
avalanche  track  are  critical  factors  in  avalanche 
hazard  evaluation  that  usually  determineif  a  moving 
avalanche  has  the  potential  to  reach  the  runout 
zone  with  destructive  force.  This  has  direct  appli- 
cation in  planning  the  control  program  and  to  the 
work  schedules  of  the  maintenance  crews  respon- 
sible for  keeping  mountain  roads  open. 


While  it  is  not  possible  to  apply  a  definite  stan- 
dard to  the  stability  of  an  entire  slope,  it  is  possible 
to  locate  weak  layers  in  new  snow  deposits  and 
measure  shear  strength,  which  provides  useful  infor- 
mation on  snow  stability. 

Roch  (1951)  suggested  using  the  ratio  of  shear 
strength  to  computed  shear  stress  as  a  stability 
indicator.  His  approach  was  primarily  oriented 
toward  determining  the  equilibrium  of  slabs  in  ava- 
lanche   starting    zones.       By    measuring   the   shear 


strength 


with   a  shear  frame,  and  computing 


shear  stress  (r)  as  the  resultant  of  the  snow  weight 
parallel  to  the  slope,  a  stability  index  (R)  is  ob- 
tained for  spot  locations  in  the  starting  zone.  When 
R=  =^  is  less  than  I,  a  slope  is  considered  unstable. 
In  this  case,  T  =a»sin-9  where a>  is  the  vertical  com- 
ponent  of   snow  weight   and  ■©   is  the  slope  angle. 

Roch's  stability  index  has  much  merit,  but  it 
presents  some  problems  when  applied  operationally 
under  field  conditions;  it  is  not  practical  to  obtain 
such  data  from  avalanche  slopes  on  a  24-hour  basis. 
It  is  also  difficult  to  use  the  shear  frame  in  snow 
with  densities  greater  than  200  kilograms  per  cubic 
meter  (200  kg  m"-').  '  Snow  densities  in  starting 
zones  often  exceed  200  kg  m"^,  and  forcing  the 
frame  into  such  snow  may  cause  premature  collapse 
or  fracturing.    Highly  erratic  readings  result. 

Field  work  with  shear  frames  does  provide  use- 
ful information  on  snow  stability  in  avalanche  tracks, 
when  tests  are  made  on  an  identified  weak  layer 
in  new  snow  at  the  base  station  test  field.  Experi- 
ence at  Rogers  Pass  has  shown  that  a  stability  index 
where  (s)  is  the  ratio  of  the  measured  shear  strength 
of    the    weakest    layer   to   its   overburden   pressure 


s  = 


provides  a  useful  operational  tool  in  deter- 
mining the  timing  of  gunfire.  When  this  value 
is  0.7  or  less,  and  depth  of  unsettled  snow  in  ava- 
lanche tracks  is  equal  to  or  greater  than  30  cm, 
the  likelihood  of  avalanche  release  is  good  and 
slides  are  expected  to  run  the  full  track  distance. 
This  index  is  readily  obtained  at  the  base  station 
test  field  during  storms,  day  or  night.  While  it  is 
not  implied  that  identified  weak  layers  found  at  the 
base  station  are  everywhere  present  in  the  entire 
avalanche  area  (especially  in  starting  zones  affected 
by  wind),  presence  of  such  weak  layers  indicate 
existence  of  similar  stratigraphic  discontinuities  in 
the  avalanche  tracks. 


Field  Procedure  -  Stability  Index 

There  are  four  basic  steps  in  the  field  procedure 
for  determining  the  stability  index  for  soft  slabs: 
( 1 )  determine  the  depth  of  unsettled  snow,  (2)  locate 
the  weakest  shear  plane  in  the  new  snow,  (3)  meas- 
ure the  shear  strength  of  the  weakest  layer  and  the 
weight  acting  on  it,  and  (4)  divide  shear  strength 
by  snow  weight.  Work  is  done  at  the  base  station 
test  field.  Depth  of  the  unsettled  snow  is  deter- 
mined with  the  first  section  of  a  ram  penetrometer. 
Hold  it  vertically  between  the  thumb  and  forefinger 
at  the  95  cm  mark  while  the  tip  of  the  cone  touches 
the  snow  surface.  The  ram  is  released  and  allowed 
to  penetrate  into  the  snow.  The  snow  layer  pene- 
trated by  the  ram  is  the  layer  to  be  sampled  for 
stability. 

A  pit  is  dug  to  the  depth  indicated  by  the  pene- 
tration test.  Snow  samples  30  cm  by  30  cm  and 
30  cm  deep,  are  carefully  removed  from  the  pit 
wall  with  a  thin,  square,  metal  cutting  plate.  The 
samples  are  placed  on  a  tilting  platform.  After 
the  platform  is  tilted  to  an  angle  of  35  degrees, 
roughly  equivalent  to  the  average  gradient  in  ava- 
lanche starting  zones,  a  sharp  rap  on  the  base  of 
the  platform  causes  shear  failure  of  the  weakest 
layer,  so  that  the  top  section  falls  away  (fig.  6). 
Measure  the  height  of  the  remaining  sample  and 
subtract  this  from  the  original  30  cm  depth  for  the 
shear  plane  location.  This  procedure  is  repeated 
until  all  of  the  snow  in  the  exposed  wall  has  been 
tested.   Although  more  than  one  weak  layer  may  be 


^200  kg  m-3    =   0.20   g   cm- 


20   percent. 


V-igam  6. — TUJ:-boan.d  and  inoui  domptu  ititd  to 
deXoAmim  th^  location  o{\  a  wejxk  ihtoA  <ptanz. 
in  the.  6uAf,ace.  inou)  lauM^  at  thz  TioqeAi 
Pai,6  ba^e.  itation. 


found,  the  weakest  one  con  usually  be  detected 
by  observing  the  character  of  each  failure  during 
testing. 

Shear  strength  of  the  weakest  layer  is  measured 
in  a  nev/ly  exposed  portion  of  the  pit  wall  with  a 
100  cm^    shear  frame  (fig.  7).    To  make  this  reading: 

1.  Remove  all  except  the  last  4  cm  of  snow  above 
the  shear  plane  with  a  spatula. 

2.  Place  the  shear  frame  on  the  snow  above  the 
plane  and  carefully  and  slowly  press  it  down- 
ward until  it  rests  directly  on  the  weak  layer. 
It  is  often  difficult  to  place  the  frame  on  the 
weak  layer  without  causing  a  premature  collapse 
failure  on  the  plane,  particularly  if  the  snow 
immediately  above  the  plane  is  tough.  In  such 
cases,  cut  through  the  snow  where  the  shear 
frame  must  pass  with  a  sharp,  thin-bladed  knife 
before  inserting  the  frame.  * 

3.  Hook  a  1,000-gram  spring  balance  to  the  frame 
and  pull  steadily  in  a  direction  parallel  to  the 
weak    layer    until    shear    failure    occurs    (fig.    7). 

An  average  of  three  readings  is  taken.  Weight 
of  the  snow  lying  above  the  weak  layer  can  be 
quickly  ascertained  by  the  procedure  described 
earlier  for  determining  the  water  equivalent  of  snow 
on  the  base  station  snow  boards. 


\ 


TlguA^  7.--lJilng  thd  ihzoA  f^nnmd  -in  a  6uJi(^acQ. 
p-iX.     Handte.  on  top  O)^  ((.tome  cUitowfi  onoAat-on. 
to  feeep  iyUstmimzYvt  ^Kom  acczleAoting  a^tan. 
ihnoK  ^aiZixxt  tjCiku>  place,  in  koAci  6now. 


^Personal  communication  with  Andre  Roch , 
Swiss  Fed.  Inst,  for  Snow  and  Avalanche  Res., 
Davos,   Switz. 


Test  Slope  Stability 

When  significant  instability  is  found  (s  <  0.7), 
or  if  there  are  any  doubts  about  stability  in  the 
base  station  test  field,  additional  work  is  done  on 
the  representative  test  exposures  (fig.  8)— if  time 
and  weather  permit.  Snow  deposition  on  the  test 
slopes  is  monitored  by  means  of  slope  stakes 
(fig.  9),  which  are  cleaned  and  reset  flush  with  the 
snow  surface  following  each  storm.  Bases  of  these 
stakes  have  the  same  dimensions  as  the  storm 
boards.  The  vertical  portion  of  the  slope  stake  is 
hinged  to  permit  the  base  to  lie  parallel  to  the 
slope. 


«titu^ 


/^   ' 


flguAe  8.--0b6eA.ve/u,  toAting  iuJifiacz  inow 
latfeJU,  at  thz  "Round  Hill"  tut  ilopsA  above, 
ba^e  6tation.     Tfian^- Canada  HigltMi^  in 
vattey  4,000  ^eeX  below. 


A  pit  is  dug  to  expose  the  vertical  profile  of 
snow  lying  above  the  board,  and  the  pi*  wall  is 
examined  for  weak  layers.  Such  layers  can  be 
detected  by  inserting  a  spatula  or  a  small  piece 
of  plastic  (about  the  size  of  a  credit  card)  vertically 


TIquaq.  9.--Slopz  ^takz  with  IvLnqo^d  v^fitlcal 
d^pth  mcutk^n.  In  dzcAmoJKiHf)  -ci  uu,^d  to  dttoJi- 
mim  inow  loading  in  thz  4teep  itoAtinq   zone 
oA^di  o{,  tut  iilopeji.     StablLOtif  data  Ion. 
iuA^aat  6noM  taijeAA  liilng  above,  thz  ba^n  o{\ 
thJjs  booAd  pfiovldo.  uaz^at  ln{)Ofmatlon  on 
ittabltitq  0^  6now  at:  avalanche  {^nRctuAd  llneA. 

at  the  base  of  the  snow  layer  and  slowly  forcing 
it  (with  one  hand)  to  cut  through  to  the  snow  surface 
above.  This  is  repeated  several  times  until  layers 
with  different  strengths  are  delineated.  Snow  grains 
in  these  layers  are  examined  with  a  lO-power  hand 
lens.  Presence  of  graupel,  hoar,  degenerated  sun- 
crusts,  or  other  loose, cohesionlessgrainsarewarning 
signs  of  instability,  particularly  when  they  appear 
in  defined  layers  30  cm  or  more  below  the  snow 
surface.  Snow  grains  found  in  the  exposed  pit  wall 
are  classified  according  to  the  physical  processes 
responsible  for  their  formation.  Sommerfeld  (1  969) 
explains  this  in  his  "Classification  Outline  for  Snow 
on    the    Ground."       Layer    thicknesses   and   height 


above  the  sloping  snow  board  are  also  recorded. 
Rom  penetration  tests  made  with  the  new  light- 
weight penetrometer  (fig.  ]0)  described  by  Peria 
(1969)  provide  valuable  additional  data  on  snow 
stability,  and  permit  accurate  resistance  to  pene- 
tration measurements  on  low-density  snow  for  the 
first  time.  Recent  field  tests  in  Utah  and  Colorado 
show  it  is  capable  of  detecting  differences  in  snow 
strength  with  densities  as  low  as  70  kg  m"^.  Ram 
numbers  between  0.1  and  3  kg  are  measured  with 
ease,  whereas  measurements  with  the  standard 
ram  were  unreliable  below  3  kg.  The  instrument 
(plus  driver)  weighs  only  200  grams,  is  easily  trans- 
ported, can  be  operated  by  one  man,  and  is  quick 
to  use.  Procedures  for  operating  the  lightweight 
ram  penetrometer  follow: 


F-tquAe  1 0.--StandaAd  njm  pdneJyiomztzA  w-cth   1  m 
exteyiiioM,  le^t;   tig  htm  eight  nam,  fvight. 
Both  In^tAumenti  mexUiOAe  fiutitance  to  oene- 
tAotton  and  give  an  Index  o{i  mechanical 
6tAength  of^  inow. 
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1.  Hold  it  vertically  between  thumb  and  forefinger 
with    the    cone    tip    touching    the    snow   surface. 

2.  Release,  allowing  instrument  to  penetrate  into 
the  snow. 

3.  Read  and  record  depth  of  penetration. 

4.  Add  the  driver,  slip  it  over  the  guide  rod  and 
carefully  lower  it  (while  supporting  the  pene- 
trometer weight  with  the  other  hand)  until  it 
rests  on  top  of  the  larger  driving  shaft. 

5.  Release,  allowing  instrument  and  driver  to  further 
penetrate  from  its  position  in  step  3. 

6.  Read  and  record  this  penetration  depth. 

7.  Raise  the  driver  to  the  1  cm  mark  on  the  guide 
rod  and  release  (driver  free-falls  to  top  of  shaft). 

8.  Repeat  step  6. 

9.  Repeat  step  7. 

Steps  6  and  7  are  repeated,  until  the  cone  reaches 
harder  old  snow.  Drop  height  of  the  driver  is  in- 
creased as  needed,  and  several  drops  from  the 
same  height  can  be  repeated  without  reading  pene- 
tration depth,  as  long  as  the  rate  of  penetration  is 
uniform  and  does  not  exceed  2  cm  per  drop.  Ram 
numbers  (W)  are  computed,  from  W  =  -p  -f-  R  -i-  Q, 
where: 

R  =  mass  of  driver  (kg) 

h  =  fall  height  of  driver  (cm) 

X  =  number  of  hammer  drops  for  each  (h) 

d  =  net  penetration  depth 

Q=  mass  of  penetrometer  (kg) 

W=  ram  number  (kg) 

Penetration  depths  in  cm  are  plotted  against  ram 
numbers  on  millimeter  cross-section  paper,  and  the 
points  are  connected  by  lines  to  construct  a  profile 
of  relative  mechanical  strength  of  the  layer  tested. 
Changes  in  snow  stability  are  readily  apparent, 
when  such  tests  are  made  and  plotted  at  intervals 
during  storms  (a  6-hour  interval  is  suggested). 
Although  this  instrument  has  not  been  operationally 
tested  and  is  not  commercially  available  at  present 
(the  standard  1  kg  parent  unit,  fig.  10,  has  been 
available  for  years),  we  are  impressed  with  its  ease 
of  operation,  and  believe  it  to  be  a  worthwhile 
addition  to  the  limited  objective  tests  currently 
available  to  avalanche  men-in  the  field. 


Test  skiing  provides  further  information  on  slope 
stability.  Presence  of  tensile  stress  in  soft  slabs 
is  detected  by  observing  the  reaction  of  snow  in  the 
immediate  vicinity  of  the  skis.  In  the  absence  of 
surface  crusts,  local  fractures  that  extend  just  1 
or  2  feet  in  front  or  to  the  sides  of  the  skis  indicate 
only  slight  instability.  When  such  fractures  extend 
many  feet  from  the  skis,  instability  is  high  and 
conditions  are  favorablefor  avalanche  release.  Snow 
is  extremely  unstable  when  one  is  able  to  release 
test-slope  avalanches  merely  by  approaching  them 
from  a  distance  of  50  to  100  feet  above  the  fracture 
line. 

In  lieu  of  a  lightweight  ram,  the  handle  end  of 
a  ski  pole  is  used  to  probe  test  slopes.  Presence  or 
absence  of  well-defined  weak  layers  is  felt  by 
changes  in  the  degree  of  resistance  to  penetration 
with  depth.  In  general,  moderate  to  strong  resist- 
ance to  penetration  in  old  surface  layers  (top  10 
to  20  cm  ),  with  decreasing  resistance  with  depth, 
indicates  instability.  Soft  slabs  (new  snow)  will  not 
even  support  the  weight  of  the  pole.  Determination 
of  slope  stability  is  an  art,  and  there  is  no  substitute 
for  experience.  Best  information  is  obtained  by 
combining  astute  field  observation  with  numerical 
data  provided  by  instruments. 

A  three-man  team  is  recommended  for  work 
on  test  slopes.  The  most  experienced  one  identifies 
snow  structure  at  the  slope  stakes  and  operates 
field  instruments,  a  second  man  records  data  in  a 
waterproof  field  book,  and  the  third  person  anchors 
and  belays  the  other  two  with  7/ 16- inch  nylon  climb- 
ing ropes.  Ropes  are  anchored  to  a  tree  or  belay 
post  above  the  test  slope.  Should  the  slope  ava- 
lanche (it  often  will),  the  men  on  it  shout:  "Fal- 
ling!" to  alert  the  belayer.  Rope  diameters  less 
than  7/16  inch  are  not  recommended:  forces 
created  on  the  rope  by  avalanche  snow  flowing  over 
the  rope  and  attached  man  can  exceed  those  devel- 
oped in  a  30-foot  free-fall! 

Use  of  a  packboard-mounted,  lightweight  test 
kit  (fig.  11)  containing  field  instruments  facilitates 
data  collection  and  allows  observers  to  movequickly 
from  one  test  area  to  another. 


^Personal  communication  with  Edward  R. 
LaChapelle,  Dep.  Atmos .  Sci . ,  Univ.  Wash., 
Seattle. 
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intensity,  cumulative  new  snow  weight,  and  ava- 
lanche occurrence;  Part  II  depicts  temperature  and 
wind;  and  Part  III  illustrates  snow  stability,  depth 
of   the   unsettled    snow,    and  avalanche  occurrence. 


Tlqiifiz   11  .--Vackboajid-moavitdd     tut     kit 
CO yitctlntng   LnitA.ume.yvti,   (\0K  tmktng  itA^nqth 
and  itab£tottf  mejcauAmzyiti  o{\   6now  on  te.it 
i>lo'pu>. 


III.   FORECASTING  TECHNIQUE-DRY  SNOW 

5.   The  Storm  Plot^ 

The  storm  plot  is  used  to  determine  the  timing 
of  gunfire  and  the  sequence  of  control  operations. 
It  consists  of  a  three-part  graphic  display  of  the 
field  data  gathered  during  storms  (fig.  12).  Part  I 
establishes    a     relationship     between    precipitation 


^The  storm  plot  was  originally  conceived 
by  Montgomery  M.  Atwater  to  monitor  winter 
storms  and  avalanche  potential  at  Alta,  Utah. 
Principal  modifications  in  the  author's 
version  include  the  control  curve,  critical 
weight   concepts ,    and   the  stability   index. 


Port  I.   The  Control  Curve 

This  section  of  the  storm  plot  utilizes  past  records 
of  precipitation  intensity  and  avalanche  occurrence 
to  predict  the  onset  of  current  avalanche  activity. 
The  control  curve  depicts  cumulative  new  snow  weight 
as  a  function  of  time  (fig.  12,  Part  I).  The  slope 
of  the  curve  represents  the  average  cumulative 
precipitation  rate  during  storms  that  produce  natural 
avalanching.  Critical  weight  levels  for  avalanche 
release  are  identified  on  the  curve. 

At  least  5  years  of  dote  on  precipitation  and 
natural  avalanches  are  needed  before  a  reliable 
control  curve  can  be  made.  Twelve-hour  precipita- 
tion amounts  and  hourly  avalanche  release  times 
are  used  to  construct  the  curve. 

The  first  step  in  constructing  the  control  curve 
is  to  select  each  storm  that  caused  natural  ava- 
lanches to  approach  or  block  the  highway.  Plot 
cumulative  new  snow  weight  in  g  cm"^  against 
storm  duration  in  hours.  Make  a  curve  for  each 
storm  by  connecting  the  points.  Place  arrows  on 
each  curve  to  indicate  the  release  time  of  each 
avalanche.  Identify  each  snow  slide  by  either  en- 
tering an  abbreviation  or  a  number  alongside  each 
arrow.  When  all  data  are  plotted,  fit  the  control 
curve  (by  eye)  as  an  average  of  the  individual 
curves. 

Critical  weight  levels  are  now  marked  on  the 
control  curve.  Select  the  earliest  avalanche  release 
time  (the  arrow  nearest  the  Y  axis),  and  extend 
this  arrow  vertically  until  it  intersects  the  control 
curve.  With  a  pencil,  follow  the  control  curve  to 
the  left  (toward  its  point  of  origin)  for  a  distance 
equivalent  to  4  hours  on  the  X  axis.  Clearly  mark 
this  point  with  a  large  arrow.  The  new  snow  weight 
corresponding  to  this  point  is  the  critical  weight. 
Artillery  control  should  begin  when  the  new  snow- 
fall reaches  this  weight.  The  4-hour  lead  time  is 
used  as  a  safety  factor;  it  allows  time  to  mobilize 
gun  crews  in  advance  of  expected  avalanche  activity, 
and  provides  leeway  needed  to  allow  peak  tiaffic 
flows  to  clear  avalanche  areas. 

The  precipitation  and  avalanche  data  plotted 
for  Rogers  Pass,  Canada,  showed  three  distinct  ava- 
lanche groupings.  Avalanches  in  group  I  fell  during 
the  latter  part  of  the  first  24  hours,  group  II  fell 
between  40   and   50   hours,  and  group  III  fell  from 


12 


84  to  96  hours  after  storms  began.  Although  there 
was  some  overlappirig  of  groups,  the  avalanche 
pattern  was  sufficiently  distinct  to  warrant  identi- 
fication of  a  critical  weight  for  each  group: 

Avalanche  Critical  weight  Hours  since 

frequency  group  g  cm^'  storm  began 

I  2.5  20 

11  3.6  36 

III  5.5  80 


The  existence  of  three  avalanche  frequency  groups 
at  Rogers  Pass  was  a  lucky  find,  because  it  simpli- 
fied the  control  job.  Crews  could  concentrate  on 
the  most  sensitive  avalanches  in  the  early  stages 
of  a  storm,  and  did  not  have  to  worry  about  the 
50  avalanches  in  groups  II  and  III  until  later  (there 
were  80  avalanches  in  27  miles  of  the  three-lane 
road). 
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A  good  deal  of  scatter  was  found  when  this 
plotting  technique  was  applied  todatafrom  Berthoud 
and  Loveland  Passes  in  Colorado.  Avalanches  did 
not  appear  in  well-defined  frequency  groups,  al- 
though the  onset  of  slide  activity  during  large 
storms  was  well  defined.  Stratification  of  the  Colo- 
rado data  into  low-intensity  and  high-intensity  storms 
produced  critical  weights  of  2.7  g  cm"'  in  46  hours 
and  2.2  g  cm"'  in  1  6  hours  for  the  respective  types 
(fig.  13).  Low-intensity  storms  averaged  0.02  inch 
water  equivalent  per  hour  (in  hr"')  and  high-intensity 
storms  averaged  0.05  in  hr"'  for  this  set  of  data. 
Light  snow  fall,  and  the  combination  of  hTgh  wind 
and  expansive  flat  areas  above  timberline  upwind 
from  starting  zones  (all  of  which  favor  heavy  trans- 
port) add  to  the  scatter  in  the  Colorado  data. 
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OMtt  0)5  avalanchii  contAol  maaUiuAeA   ^OK  tow 
[tijpQ.  A)  and  kigh   (t(/pe  8)   InttMitq  itoumi,. 
Vata  (^on.  Loveland  and  BeA;thoud  PoAiU  in 
Colorado. 

Another  factor  which  prevented  a  valid  test 
of  avalanche  frequency  response  to  cumulative  new 
snow  weight  in  the  Berthoud  and  Loveland  Pass 
data  was  the  constraint  of  having  to  use  natural 
avalanches  that  occurred  between  control  applica- 
tions applied  by  the  Colorado  Highway  Department. 
Such  control  applications,  even  though  not  rigorously 
applied,  do  affect  avalanche  response.  Also,  large 
storms  that  are  required  to  produce  the  less  fre- 
quent avalanches  in  groups  II  and  III  on  the  control 
curve  are  rare  events  in  this  section  of  Colorado 
(Judson  1965).  The  authors  feel  that  Part  I  of  the 
storm  plot,  the  control  curve,  is  most  applicable  in 
areas  where  average  precipitation  intensities  during 
avalanche-producing    storms    exceed    0.05    in   hr"'. 


Winter  precipitation  intensities  equal  to  or  greater 
than  0.05  in  hr"'  are  common  at  the  following 
highway  avalanche  areas:  Alta,  Utah;  Red  Mountain 
and  Wolf  Creek  Passes  in  Colorado;  Granduc  Mine 
and  Rogers  Pass,  British  Columbia.  The  control 
curve  is,  nonetheless,  a  useful  aid  in  planning  con- 
trol programs  even  in  low-intensity  precipitation 
areas  such  as  Colorado's  Berthoud  and  Loveland 
Passes. 

The  control  curve  and  critical  weight  levels  are 
etched  on  a  piece  of  stiff  transparent  plastic,  which 
is  used  as  an  overlay  for  current  storm  plots  of 
cumulative  new  snow  weight  against  storm  duration. 
New  snow  weights  are  plotted  for  each  10  cm 
of  new  snow  from  the  base  station  interval  stake 
during  storms.  Special  attention  is  given  to  the 
rote  at  which  the  cumulative  new  snow  weight 
approaches  each  critical  weight  level  on  the  control 
curve,  for  this  determines  whether  the  decision  to 
start  control  must  be  initiated  prior  to  or  at  some 
time  later  than  the  time  indicated  by  the  frequency- 
group  arrows.  Information  from  the  two  other  parts 
of  the  storm  plot  must  also  be  considered  at  this 
point  before  any  decisions  are  made. 

Part  II.   Temperature  and  Wind  Limitations 

Wind  and  temperature  during  a  major  storm 
influence  the  amount  and  type  of  snow  deposited 
in  starting  zones.  Experience  at  instrumented  ava- 
lanche stations  shows  that  winds  between  15  and 
30  m.p.h.,  when  accompanied  by  new  snow  and 
temperatures  between  10°  F.  and  30°  F.  often  cause 
widespread  formation  of  unstable  soft  slabs(stippled 
area,  fig.  12,  Part  II)  in  avalanche  starting  zones. 
Presence  of  soft  slabs  favors  avalanche  release 
by  artillery  because  they  have  (1)  a  high  degree 
of  internal  cohesion,  and  (2)  relatively  high  stress 
concentrations,  which  allow  rapid  propagation  of 
fractures  initiated  by  explosives. 

Six-hour  averages  of  windspeed,  wind  direction, 
and  temperature  from  remote  stations  are  plotted 
in  Part  11  of  the  storm  plot.  Wind  direction  during 
storms  is  also  important  because  it  determines  what 
slopes  will  receive  snow  deposition.  During  some 
high-intensity  snowfalls,  slabs  form  on  all  slopes, 
regardless  of  wind  direction  or  slope  orientation. 
Such  conditions  occur  from  combination  falls  of 
rimed  spatial  dendrites,  needles,  and  graupel. 
LaChapelle's  (1969)  Field  Guide,  written  especially 
for   avalanche   men,  presents  excellent  illustrations 
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of   new   snow   crystals.      We    recommend  this  book. 

Part  III.   Track  Stability,  Snow  Depth, 
and  Avalanche  Occurrence 


Data  from  stability  tests  made  at  the  base 
station  and  on  the  test  slopes  are  utilized  in  this 
section,  along  with  snow  depth  and  avalanche  occur- 
rence. New  snow  depth  read  from  the  storm  board, 
and  total  depth  of  the  unsettled  track  snow  deter- 
mined by  penetration  tests,  are  plotted  against 
storm  duration.  Stability  indexes,  shown  above 
the  triangles  on  figure  15,  are  plotted  to  show  the 
location  of  the  weakest  layer  in  relation  to  the 
snow  surface.  The  total  depth  of  unsettled  snow, 
determined  by  the  penetration  depth  of  the  first 
section  of  the  ram,  gives  the  amount  of  track  snow 
that  is  likely  to  become  incorporated  in  a  moving 
avalanche. 

All  natural  and  artificial  avalanches  of  any  sig- 
nificance are  plotted  at  the  bottom  of  the  storm 
plot  to  show  the  location  of  avalanche  debris  rela- 
tive to  the  highway. 

6.   Using  the  Storm  Plot 

The  total  storm  plot,  with  all  three  parts,  can 
only  be  used  as  an  aid  in  determining  when  to 
initiate  control  action  during  major  storms,  for  it  was 
designed  for  use  in  situations  involving  direct-action 
soft-slab  avalanches.  At  a  glance  of  the  forecaster's 
eye,  it  gives  an  instant  summation  of  the  current 
avalanche  potential  and  a  summary  of  events  leading 
to  the  current  situation— something  not  possible  by 
memory  alone.  Successful  implementation  still 
depends  heavily  on  experience  and  intuition  because 
many  variables  known  to  affect  avalanche  release 
are  extremely  difficult  to  measure  under  field  con- 
ditions. Every  avalanche  man  knows  that  conditions 
days,  weeks,  or  even  months  prior  to  the  onset  of  a 
major  storm  will  affect  the  response  of  avalanches 
to  a  given  storm.  The  availability  of  an  unbroken 
and  detailed  record  of  weather  and  snow  conditions 
affecting  the  control  area  prior  to  each  storm  is 
therefore  essential. 

Parts  II  and  III  of  the  storm  plot  can  be  used 
without  modification  at  most  avalanche  areas  in 
North  America.  The  shape  of  the  control  curve 
and  the  critical  weight  levels  (Part  I)  for  determining 
the  onset  of  avalanche  control  operations  will  change 
from  one  area  to  another.  For  instance,  control 
curves  for   avalanche   areas   along   the  West  Coast 


are  expected  to  reflect  the  higher  precipitation 
intensities  associated  with  winter  storms  there  in 
contrast  to  relatively  low  intensities  found  in  the 
mountains  of  northern  Colorado  and  Wyoming.  The 
degree  to  which  these  differences  will  affect  place- 
ment of  critical  weight  arrows  remains  to  be  seen. 
It  is  worth  noting  that  precipitation  amounts  given 
by  Atwater  (1952),  Poggi  and  Plas  (1966),  and  Jud- 
son  (1967)— which  initiate  widespread  avalanching 
in  Utah,  the  French  Alps,  and  the  Colorado  Rockies, 
respectively— coincide  with  the  2.5  g  cm"'  weight 
level  on  the  Rogers  Pass  storm  plot.  On  the  basis 
of  these  data,  one  can  reasonable  assume  that 
thefirst  critical  weight  level  for  sensitive  avalanches 
(Group  I)  at  most  areas  will  be  in  the  vicinity  of 
2.5  grams. 

The  situation  for  releasing  avalanches  by  artil- 
lery fire  is  ideal  when  (1)  cumulative  new  snow 
weight  in  Part  1  of  the  storm  plot  approaches  or 
exceeds  the  control  curve  at  the  critical  weight 
levels  indicated  by  the  arrows,  (2)  conditions  speci- 
fied in  Part  II  are  met,  (3)  snow  stability  in  Part 
III  is  <  0.7,  and  (4)  unsettled  track  snow  is  1  30  cm. 
If  critical  weight  levels  are  reached  or  approached 
prior  to  the  time  indicated  on  the  control  curve, 
artillery  control  is  initiated  earlier  than  indicated; 
for    lower    precipitation    rates,    gunfire   is   delayed. 

Special  Cases 

Snow  accumulating  in  either  catchment  basins 
or  avalanche  tracks  prior  to  onset  of  a  major  storm 
will  influence  the  timing  of  control  action  for  all 
avalanche  groups  unless  this  snow  is  stabilized  by 
settlement.  Results  of  test  skiing  (U.  S.  Forest 
Service  1961)  plus  an  analysis  of  the  surface  snow 
layers  on  the  test  slope  stakes  determines  what 
timing  adjustments  are  required.  Recognizable  rem- 
nants of  new  snow  crystals  such  as  stellar  arms 
and  thin  platelike  fragments,  or  presence  of  small 
needlelike  splinters  indicate  a  lack  of  stabilization. 
If  there  is  still  unstable  snow  on  the  slopes  at  the 
onset  of  a  major  storm,  the  total  weight  of  snow 
considered  unstable  on  the  slope  stakes  is  added 
to  the  snow  weight  for  the  present  storm.  Ava- 
lanches are  controlled  when  the  total  snow  weight, 
equals  the  critical  weight  levels  for  each  group 
(Group  I  =  2.5  g,  etc.). 

If  a  storm  terminates  before  the  new  snow 
weight  reaches  the  critical  weight  levels  of  the 
second  or  third  avalanche  groups,  it  is  necessary 
to  control  Groups  II  and  111  before  settlement  occurs. 
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The  chances  of  releasing  most  of  these  slides  still 
remain  high,  although  it  is  unlikely  they  will  run 
the  full  length  of  their  tracks. 

A  very  dangerous  avalanche  situation  arises 
when  soft  slab  forms  in  the  absence  of  wind, 
because  all  exposures  are  affected.  This  condition 
is  initiated  by  a  fall  of  pure  needle  crystals,  rimed 
spatial  dendrites,  or  graupel,  after  the  accumulation 
exceeds  15  cm.  Astute  observation  of  new  snow 
crystals  and  of  surface  snow  reaction  to  test  skiing 
during  such  storms  is  necessary.  Deep  falls  of 
loose  snow  composed  of  clustered  dendrites,  plates, 
or  stellar  or  irregular  crystals  usually  do  not  result 
in  initial  soft  slab  avalanches  if  these  crystals  fall 
when  windspeeds  are  less  than  12  to  15  m.p.h. 
After  new  snow  depth  approaches  or  exceeds  60 
cm.,  however,  avalanches  composed  of  loose  snow 
may  be  expected.  fHazard  develops  quickly  in  this 
situation  with  an  increase  in  windspeed,  even  after 
snowfall  has  ended.  Artillery  fire  should  commence 
within  2  hours  following  an  increase  in  wind  if 
the  new  snow  weight  approaches  or  exceeds  any 
of  the  critical  weight  levels. 

Gusty  winds  in  excess  of  30  m.p.h.  create  erratic 
deposition  patterns.  Snow  transported  away  from 
the  usual  fracture-line  positions  is  deposited  only 
in  the  most  sheltered  areas.  In  such  cases,  pro- 
jectiles are  fired  into  the  lower  portions  of  the 
starting  zones  and  in  upper  sections  of  the  ava- 
lanche   tracks    in    addition    to   the   regular   targets. 

Similar  target  adjustments  may  be  required 
during  storms  when  temperatures  are  above  25°  F. 
and  windspeed  is  marginal  (12-18  m.p.h.),  particu- 
larly when  the  starting  zone  is  exposed  to  sun 
for  an  hour  or  two  prior  to  artillery  fire.  Projectiles 
are  fired  into  areas  below  the  normal  release  points 
in  these  cases.  Experience  shows  best  results  are 
obtained  when  shots  are  placed  in  shaded  steep 
sections  of  the  track. 

Extremely  low  stability  indexes  (s  =  0.2-0.4)  in 
the  track  snow  dictate  early  artillery  control,  other- 
wise large  volumes  of  snow  reach  the  highway 
due  to  the  increased  descent  speed  of  the  ava- 
lanches. Such  low  stability  indexes  are  sometimes 
caused  by  weak  layers  of  surface  hoar,  pure 
graupel,  or  other  loose,  cohesionless  grains  such 
as  depth  hoar. 

Rain  on  snow  is  a  unique  case  precluding  use 
of  the  storm  plot,  particularly  when  rain  falls  on 
fresh,  cold  snow.  If  special  weather  forecasts  give 
adequate  warning,  shoot  every  target  in  the  control 
area  before  the  rain  begins. 
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7.   Issuing  the  Forecast 

Forecasts  are  issued  on  the  basis  of  information 
from  the  latest  available  mountain  weather  fore- 
cast, the  storm  plot,  and  the  highway  patrol's  esti- 
mate of  traffic  density  (fig.  1  4). 

Weather  Forecasts 

A  reasonably  accuratemountain  weather  forecast 
is  needed  before  an  avalanche  hazard  forecast 
is  issued.  Weather  forecasts  can  be  received  from 
any  of  the  main  Weather  Bureau  forecast  centers 
such  as  Vancouver,  Seattle,  San  Francisco,  Calgary, 
Salt  Lake  City,  or  Denver.  Weather  forecasts  should 
be  received  every  12  hours,  and  should  contain 
the  following  information: 

1 .  A  general  summary  of  current  synopticconditions. 

2.  Duration  and  intensity  of  expected  precipitation. 

3.  Windspeed  and  direction  in  the  free  air  at  a 
level  within  1,000  feet  of  most  of  the  starting 
zones  in  the  control  area. 

4.  Expected  temperatures  at  starting-zone  elevations. 

5.  Elevation  of  freezing  levels  (there  is  often  more 
than  one). 

6.  A  report  of  storm  behavior  at  mountain  stations 
upstream  along  the  storm  track. 

Before  the  Weather  Bureau  forecast  centers  can 
issue  their  forecasts,  they  need  the  following  obser- 
vations from  the  mountain  every  1  2  hours: 

1 .  State  of  weather:  cloudy,  partly  cloudy,  snow, 
snow  flurries,  etc. 

2.  Height  of  cloud  base  and  trend  (rising,  no  change, 
lowering). 

3.  Maximum,  minimum,  and  current  temperature, 
and  dew  point. 

4.  12-hour  precipitation— both  water  equivalent  and 
new  snow  depth. 

5.  Precipitation  intensity  and  trend. 

6.  Windspeed  and  direction  during  the  past  6  hours 
from  the  remote  stations. 

7.  Pressure  tendency. 

Weather  Bureau  personnel  are  not  normally 
charged  with  the  responsibility  of  making  mountain 
weather  forecasts,  but  they  will,  if  requested.  Such 
forecasts  are  very  difficult  to  make  because  of  the 
scarcity  of  reporting  stations  in  the  mountains  and 
the  lack  of  forecasters  familiar  with  mountainweather 
conditions.  Daily  contact  with  weather  forecaster.'^ 
will   help   improve  forecasts.     When  possible,  these 


men  should  be  brought  to  the  mountain  station 
where  forecasts  are  needed.  Mutual  problems  can 
be  discussed,  and  the  weather  forecaster  can  gain 
useful  background  information  by  seeing  instrument 
locations  and  terrain. 

Although  teletype,  telephone,  or  radio-telephone 
can  be  used  for  communications  with  the  nearest 
forecast  center,  teletype  services  are  recommended 
because  a  permanent  record  of  all  transmissions 
is  readily  available,  and  forecasts  can  be  transmitted 
to  the  base  station  when  observers  are  out  on  other 
jobs.  A  radio-telephone  serves  as  a  backup  when 
land  lines  are  out  of  service  during  and  following 
severe  storms. 

Traffic  Density 

Peak  traffic  flows  usually  follow  in  some  recog- 
nizable pattern  which  can  be  anticipated  in  advance. 
Since  congested  periods  seldom  last  more  than 
2  hours,  it  is  often  possible  to  delay  control  work 
until  traffic  peaks  pass  the  avalanche  area.  This 
minimizes  the  number  of  people  affected  by  tem- 
porary road  closures,  and  simplifies  traffic  control 
during  stabilization  programs.  Becausecritical  weight 
levels  on  the  control  curve  are  placed  4  hours 
prior  to  the  first  avalanche  event,  there  is  some 
leeway  to  allow  for  periods  of  heavy  traffic.  Peak 
flows  are  anticipated  by  contacting  state  police 
and  highway  maintenance  crews  for  a  distance 
of  100  miles  on  either  side  of  the  control  area. 
Snowfall  intensity,  wind,  temperature,  and  snow 
stability  dictate  how  much  leeway  theforecaster  has. 

Format,   Forms,    and   Dissemination   of  the  Forecast 

Control  decisions  for  action  and  safety  measures 
are  written  clearly  and  concisely  at  the  base  station 
on  standard  forms.  This  information  is  transmitted 
by  phone  or  radio-telephone  to  highway  maintenance 
personnel  responsible  for  carrying  out  control;  they, 
in  turn,  write  the  information  on  identical  forms 
at  the  headquarters  maintenance  station.  This  infor- 
mation should  be  read  back  to  the  base  station 
word-for-word,  to  make  sure  the  correct  information 
has  been  received.  Color-coded  forms,  each  repre- 
senting a  specific  type  of  forecast,  arerecommended 
to  avoid  confusion.  We  refer  to  the  forms  as:  ALL- 
CLEAR,  ALERT,  and  ACTION. 

An  ALL-CLEAR  is  issued  when  snow  conditions 
are  stable.  It  enables  maintenance  men  to  plan 
ahead  for  jobs  requiring  men  and  heavy  equip- 
ment that  might  otherwise  be  tied  up  in  standby 
or  avalanche-clearing  operations. 
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The  ALERT  form  is  issued  several  hours  prior 
to  anticipated  highway  closure.  It  warns  of  a 
mounting  avalanche  hazard,  and  shows  when  and 
where  artillery  will  be  used.  In  addition,  the  ALERT 
form  notifies  maintenance  crews  when  extra  patrol 
action  is  needed,  and  when  snow  removal  is  re- 
quired at  gun  sites.  The  type  of  weapon  to  be  used 
and  the  number  of  shells  needed  are  also  specified. 

The  ACTION  form  is  issued  about  1  hour  before 
the  gun  should  go  into  action,  which  is  sufficient 
time  to  ready  previously  alerted  gun  crews.  An 
evaluation  of  the  prevailing  avalanche  hazard  is 
posted  at  the  same  time,  and  the  location  and 
sequence  of  traffic  blocks  is  laid  out  so  all  danger 
zones  will  be  clear  of  traffic  and  snowplows  during 
the  stabilization  program.  The  sequence  of  gun 
positions  is  outlined  and  traffic  clearing  periods 
are  indicated.  What  gun  or  guns  are  to  be  used 
is  given  as  well  as  the  number  of  rounds  of  ammu- 
nition required. 

After  the  first  stabilization  program  is  completed 
during  continuous  storms,  the  ALERT  form  is  again 
issued  to  show  the  reduction  of  avalanche  hazard. 
The  required  weapon  and  likely  gun  positions  are 
again  stated  when  another  action  period  is  anti- 
cipated. An  ALL-CLEAR  is  issued  when  the  storm 
subsides  and  the  stabilization  program  is  considered 
successful. 

IV.   CONSIDERATIONS  FOR 
WET  SNOW  AVALANCHES 

Wet  snow  avalanches  present  a  special  problem 
for  highways  because  artillery  control  is  generally 
ineffective  unless  soft  slab  is  present.  In  both 
Canada  and  the  United  States,  gun  crews  confirm 
the  fact  that  explosive  control  measures  applied 
to  wet  snow  seldom  produce  results.  There  are  two 
possible  explanations:  (1)  isometric  grains  in  a  wet 
snowpack  suppress  shock  wave  propagation  due  to 
their  large  grain  size  and  the  lack  of  intergranular 
bonding;  and  (2)  rapid  creep  in  isothermal  snow 
quickly  relieves  stresses  and  prevents  dangerous 
slab  conditions  from  developing.'  Wet-slab  ava- 
lanches do  occur  under  natural  conditions,  however. 
Regardless  of  the  character  of  release  (loose  or 
slab),  wet  slides  of  major  proportions  present  a 
difficult  snow  removal  problem  because  they  pene- 


trate to  the  ground  and  deposit  large  amounts  of 
mud,  rocks,  and  trees  on  the  highway.  Forecast 
bulletins  warning  of  impending  hazard  are  the  only 
safeguards. 

Rain  falling  on  cold,  fresh  snow  is  the  most 
common  cause  of  wet  avalanches  in  winter. 
Presence  of  an  impermeable  layer  beneath  the 
new  snow  accentuates  the  problem;  dangerously 
unstableconditions  develop  when  the  snowbecomes 
saturated  and  the  layer  is  lubricated.  Data  on 
the  amount  of  rain  needed  to  initiate  avalanches 
under  these  conditions  are  scarce,  but  forecasters 
at  Squaw  Valley,  California,  feel  at  least  1  inch 
is  necessary. '°  Recent  data  from  stations  in  western 
Washington  tend  to  confirm  the  1-inch  value  as 
a  minimum. 

Rain  affects  snow  in  several  ways:  it  reduces 
strength  by  weakening  intergranular  bonds,  increases 
density  and  weight,  and  warms  snow  to  0°  C. 
Because  warming  is  a  general  requirement  for  wet 
slides,  temperature  profiles  in  surface  layers  indi- 
cate approaching  hazard.  Current avalancheactivity 
is  the  most  reliable  guide  to  hazard  conditions. 
This  information  is  radioed  to  the  base  station  by 
highway  maintenance  patrols.  Information  on  ex- 
pected changes  in  the  freezing  level  (in  the  free 
air)  provided  by  the  Weather  Bureau  is  also  needed. 

In  spring,  large  wet  avalanches  may  occur  when 
the  entire  snow  cover  from  the  midtrack  level  to 
the  valley  floor  is  warmed  to  0°  C.  and  snow  depth 
in  the  track  is  greater  than  i  m.  Progressive  warm- 
ing of  the  snow  cover  should  be  monitored  by 
digging  full-depth  pits  and  taking  temperature  pro- 
files at  the  midtrack  level.  South  exposures  are 
checked  first.  Minimum  temperatures  are  found 
in  the  middle  of  the  pack,  as  heat  is  being  added 
to  lower  layers  from  the  soil  and  to  the  upper 
layers  by  radiation.  When  snow  becomesisothermal 
at  0°  C.  at  the  midtrack  level  on  south  exposures, 
additional  temperature  profiles  are  taken  on  east, 
west,  and  north  exposures  in  that  order. 

Snow  condition?  in  the  first  meter  below  the 
snow  surface  signal  the  onset  of  wet  avalanches 
after  snow  becomes  isothermal.  A  fall  of  new 
snow,  25  cm.  or  more  in  depth,  often  causes  wet 
slides.  If  soft  slab  is  present  in  starting  zones 
(determined  by   checking  test  slopes),  artillery  con- 
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trol  is  used.  The  sequence  of  control  is  based  on 
snow  conditions  ot  the  test  slopes  and  in  the  ava- 
lanche tracks.  For  instance,  if  soft  slabs  are  found 
on  east  exposures  and  snow  cover  (to  the  ground) 
is  isothermal  only  on  south-facing  tracks,  then  ava- 
lanches with  east-facing  starting  zones  and  south- 
facing  tracks  are  shot  first.  If  soft  slabs  are  present 
everywhere,  control  priority  is  based  on  frequency 
groups  on  the  control  curve— the  same  as  in  winter. 
The  worst  situation  arises  when  o  deposit  of  new 
snow  fails  to  "slab  up"  — if  followed  by  a  warm, 
suuny  day.  The  strong  input  of  heat  often  releases 
avalanches,  and  because  thetrack  snowisisothermal, 
much,  if  not  all,  of  it  will  be  incorporated  in  the 
flow.  Large  quantities  of  avalanche  snow  reach 
the  highway  in  such  cases. 

Wet  avalanches  may  also  occur  in  old  snow 
when  an  ice  layer,  30  cm  or  more  below  the  sur- 
face, acts  OS  a  dam  to  the  intrusion  of  melt  water. 
Saturation  of  the  large-grained  old  snow  above 
the  ice  layer  leads  to  avalanching,  particularly  in 
the  absence  of  a  strong  surface  crust.  Such  crusts 
usually  form  overnight,  and  disintegrate  inthemorn- 
ing  due  to  heating.  A  relationship  between  the 
deterioration  of  such  crusts  (when  a  buried  ice  layer 
exists  with  saturated  snow  resting  on  it)  and  the 
onset  of  spring  avalanches  was  developed  from 
the  early  studies  at  Rogers  Pass: 


.  No  surface  crust.  Avalanches  start  as  early  as 
0800  hours  on  southeast  exposures,  1000  hours 
on  south  exposures,  1200  hours  on  southwest 
exposures,  and    1700  hours   on  west  exposures. 


2.  Moderately  strong  surface  crust,  3  to  5  cm.  thick. 
Resistance  to  penetration  2  to  4  kg  (may  break 
when  a  person  walks  on  it).  Avalanches  on 
southeast  exposures  may  begin  at  1000  hours. 
Most  avalanches  fall  between  1130  and  1500 
hours  on  southeast,  south,  and  southwest  ex- 
posures. Some  avalanches  are  expected  on  west- 
facing  slopes  until  1800  hours. 

3.  Strong  surface  crust,  8  to  1  4  cm  thick.  Resistance 
to  penetration  6  to  10  kg.  (will  support  a  person). 
Avalanches  are  unlikely  before  1400  hours,  and 
then  with  only  moderate  frequency  and  only  on 
south  and  southwest  exposures. 

Deterioration  of  surface  crusts,  when  present,  should 


be  checked  at  2-hour  intervals  beginning  at  0700. 
A  warning  is  issued  when  the  effective  thickness 
of  surface  crusts  decreases  to  5  cm.  (avalanches 
begin  when  the  crust  disintegrates). 

The  best  deterrent  to  the  large,  wet  avalanches 
of  spring,  is  a  rigorously  applied  and  carefully 
planned  control  program  during  winter  to  reduce 
snow  depth  in  the  tracks. 
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APPENDIX   A 


STORM  PLOT  AND  NOTES  ON  A  SEVERE  STORM 

The  following  information  is  presented  for  persons  or  agencies 
wfio  are  now,  or  soon  will  be,  charged  with  the  responsibility 
of  operating  an  avalanche  control  program  where  numerous  ava- 
lanches, falling  from  several  aspects,  affect  major  highway  travel. 
Artillery  control  of  avalanches  at  such  areas  is  a  complicated 
matter  that  requires  an  organized  program  and  a  well-trained 
forecast  staff.  A  three-man  team  (two  professionals  and  one 
technician)  is  considered  the  absolute  minimum  for  the  forecast 
unit.  The  man  in  charge  should  have  at  least  5  years'  experience 
with  snow  and  avalanche  forecasting.  Preferably,  he  should  have 
a  background  in  synoptic  meteorology,  snow  physics,  and  hydrol- 
ogy. His  assistant  should  have  at  least  3  years'  experience  in 
avalanche  hazard  forecasting  and  control.  A  background  in  hydrol- 
ogy or  glaciology  is  desired.  All  three  men  should  be  competent 
ski  mountaineers.  The  technician  should  be  sufficiently  trained  in 
electronics  and  instrumentation  to  install,  troubleshoot,  and  repair 
all  instruments  required  on  the  project. 

Figure  15  presents  a  storm  plot  made  at  Rogers  Pass  during 
a  severe  and  prolonged  storm  which  lasted  156  hours.  Forecasts 
issued  during  the  first  24  hours  of  this  storm  are  reproduced  here 
to  serve  as  an  example  of  the  program  in  action: 

Storm  start:   0600  hours  January  26 

0700  January    26:       Forecast   FORM  ONE  (ALL-CLEAR)   issued   to 


indicate  no  expected  avalanche  activity  for  at  least  12  hours. 
Forecast  from  Vancouver  Weather  Office  calls  for  light  snow. 

I  900  January  26:  Storm  increases  in  intensity.  Weather  forecast 
indicates  snowfall  to  continue  for  several  hours.  Avalanches 
not  expected  for  2  more  hours  (see  extension  listed  on  Fore- 
cast FORM  ONE),  based  on  control  curve  data. 

2100  January  26:  Continued  heavy  snow  (see  cumulative  snow 
weight  and  control  curve)  with  wind,  temperature,  and  track 
snow  stability  favorable  for  avalanches,  prompts  a  forecast 
(ALERT)  that  control  of  Group  I  avalanches  will  be  necessary 
by  2400  hours  or  shortly  thereafter. 

0030  January  27:  Storm  continues  unabated.  FORM  THREE 
(ACTION)  is  issued  for  artillery  control  to  commence  in  1 
hour. 

0330  January  27:  Temporary  letup  in  snowfall  occurs  but  weather 
forecast  calls  for  storm  to  continue.  Increasing  wind  with 
track  stability  index  very  low  indicates  control  of  Group 
II  avalanches  will  be  necessary  before  the  critical  weight 
for  that  group  is  reached. 

0700  January  27:  Very  low  stability  index  of  0.4  with  increasing 
wind  and  snow  at  favorable  temperature  results  in  decision 
to  control  Group  II  slide  at  0800  hours. 

1200  January  27:  Good  stabilization  has  been  achieved  within 
control  area.  Decrease  in  wind  and  increase  in  track  snow 
stability  indicates  only  low  to  moderate  hazard  for  the  next 
30  hours. 
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22 


(FORM  ONE) 

ALL   -   CLEAR 

ISSUED  AT 

07OO  HRS  January   2& 

(Date)  ' 

ISSUED  BY 
RECEIVED  B 

^lofJ  C.  GorcLnpr 

Y  Q.n.  s*«:.+w- 

For  the  next  12      hours  it  Is  not  expected  that  high 

level  snow 

conditions  will  produce  avalanche  activity 

effective 

to  the  highway,  nor  is  artificial  stabilization 

indicated 

during  the  interval  given  above  or  periods  of 

extension 

listed  below. 

EXTENSIONS 

Issued  at 

For  approx.             Received  by 

W/Y)   hrs 

2    hrs. 

hrs 

hrs. 

hrs 

hrs. 

hrs 

hrs. 

hrs 

hrs. 

hrs 

hrs. 

(FORM   TWO) 


ALERT 


ISSUED  AT  2l££^  HRS        Jtuyjtir^    2& 


(Date) 


ISSUED   BY        Jopj    0..    nnr^npr 


RECEIVED   BY  _£iJUS»uiicr- 


1.   AVALANCHE  WARNING 


wi+hih    -Hie  nexf   6    hours 


2.  EXTRA  HIGHWAY  PATROL  IS  REQUIRED  BETWEEN: 
MILEAGES:     IQ     mi.  and    l4  mi. 

3.  ARTILLERY  FIRE  MAY  BE  REQUIRED  BETWEEN: 

■?inr,  TaniA/iiy  2&     hrs.    and   rtU/Y)  Taniiairy  27        hrs. 

4.  GUN  POSITIONS  LIKELY  TO  BE  REQUIRED  ARE: 

2,  z,  y 


(FORM  THREE) 
ACTION 


ISSUED  AT  xioZQ  HRS  Tonrinf/     27 


(Date) 


ISSUED  BY     ti^\  0,  GnrrinPr 


RECEIVED   BY      P.  Q.  ^vtLCbkr 


1.   ARTILLERY  FIRE  SHOULD 


COMMENCE  AT:   oi.:;o     hrs.       TTanunry/  2? 


(Date) 

2.  ARTILLERY  PIECE  AND  AMMUNITION 
REQUIRED: 

105  mm  Howitzer  j(   and  i^      Rounds 

75  mm  Howitzer  and  Rounds 

3.  PROGRAM: 


GROUP 

NO. 

PONDING 
SITE 

TRAFFIC 
DELAY 

40  min-5. 
20  Min.5. 

GUN 
POSITION 

2-*-3 

2*3 

9 

k.      ACTION: 


GUN      AVALANCHE   TAR- 
POSITION      SITE     GET 


J4_ 


/5,  16 


REMARKS 

7)pfonn-finn    hfard 


J^,in\nnrhP  -to  Lm-t^ih  IPO'  nf  huif 
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(FORM  TWO) 
ALERT 


ISSUED  AT    o^r^o  HRS        JhnuQr/  27 


(Date) 


ISSUED  BY     aJdpI  0.  fjardner 


RECEIVED   BY       ^ .  Q  /^rnjJk^l— 


1.      AVALANCHE  WARNING 


Qeasonahle  s^b'\izah6r)  ItK  been  achte\/eci  The 
as  /ef  urvon+K)/led  remains. 


2.  EXTRA  HIGHWAY  PATROL  IS  REQUIRED  BETWEEN: 
MILEAGES:   mi.  and  ml. 

3.  ARTILLERY  FIRE  MAY  BE  REQUIRED  BETWEEN: 


OfeOO 


I200 


A.      GUN   POSITIONS   LIKELY   TO   BE   REQUIRED  ARE: 


2.S  4  S  b. 


(FORM  THREE) 
ACTION 


ISSUED  AT  07OO    HRS      Tnr,iAar-^  zn 


(Date) 


ISSUED  BY     /JnP)  0..  GnrdnP^ 


RECEIVED  BY   p,f>.S^.-rit^ 


1.   ARTILLERY  FIRE  SHOULD 


COMMENCE   AT:   QfiOO    hrs.       J?in/.iQr/    77 


(Date) 

2.   ARTILLERY  PIECE  AND  AMMUNITION 
REQUIRED: 

105  mm  Howitzer  ){      and  2^     Rounds 

75  mm  Howitzer     and      Rounds 


3.   PROGRAM: 


GROUP 
NO. 


PONDING 
SITE 

2*5 


TRAFFIC 
DELAY 


Ihr.    Smm. 


-^V^ 


GUN 
POSITION 


_^ 


GUN 
POSITION 


AVALANCHE  TAR- 
SITE    GET 


/2- 


REMARKS 


_L2_ 


^3 StMitvi  pfa\xi\Qr\C:h\nq  .^rviuJ 

_/ l>ehmahQn  hearii 

-Z Am  Innrhp  ink\  mnurA  defirn?(?T 

^5 7V-lYinri-tif>»  henrri     


12 


J2_ 


J0_ 


_2q_ 


_2e_ 


_ZS_ 


_^4_ 


*: :: idq 

1 "iV^nci-hnn   heard 


J2^ 


J2i£!_ 


_JZ£_ 
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APPENDIX    B 


INSTRUMENTATION 

Numerous  Instruments  needed  for  ovolanclie  work  have  been 
field  tested  at  avalanche  stations  in  the  mountain  west.  The 
essential  instruments  are  listed  here,  along  with  a  commercial 
model  of  each  thot  has  proved  reliable  under  typically  severe 
field  conditions. 

I.  WINDSPEED  AND  DIRECTION 

A.  ANALOG  SYSTEM 

Item  Source 

I.Windspeed   transmitter   F420-C,   Electric  Speed  Indicator  Co.  . 
modified  for  recording.   4.0 
volts  D.C.  at  100  m.p.h.  and 
linear. 

2.  Wind  direction  transmitter 
F420-C-2,  modified  for  re- 
cording on  twin-channel  re- 
corder with  1400  ohms  in- 
ternal resistance. 

3.  Power  supply  and  circuitry 
for  recording  vane.   5.0 
volts  D.C.  output. 

4.  Esterline  Angus  Model  A602C 
twin-channel  recorder.   Port- 
able case  with  No.  2  hand- 
wound  spring  chart  drive, 
hour  and  minute  feed.    Scale 
0-1  mil.  each  side. 

5.  Inkwellsfor  31010B 
Model  No.  14616-2  red  and 
green  ink.  Order  3  spares. 

6.  24  Esterline  charts  No. 
31010B,  1  1/2  inches  per 
hour  with  scale  0-100  left 
side  ond  0-1  50  right  side. 

B.  CONTACT  SYSTEM 

1 .  Totalising  anemometer,  Belfort   Belfort  Instrument  Co. 
Catalog  No.  5-349A.   24  volts     4  North  Central  Avenue 
D.C.  Max.  0.5  amp.    One  mile      Baltimore,  Maryland  21202 
and  1/60  mile  contacts. 


12234  Triskett  Road 
Cleveland,  Ohio  441  11 

Do. 


Do. 


Local  Esterline  Angus 
Distributor 


Local  Esterline  Angus 
Distributor 


Do. 


2.  Wind  direction  transmitter 
(less  vane)  with  universal 
bearing.   Belfort  Catalog  No. 
5-363.   U.S.  Weather  Bureau 
Spec.  No.  450.6112.  Scon- 
tacts.  Mox  3  amp.  at  25 
volts  D.C. 

3.  Pintle  for  mounting 
anemometer 

4.  Electric    speed    indicator 
spread-toil  vane  -  W.D.V.- 
400-1  C.   U.S.  Weather 
Bureau  Ser.  No.  S/N  F012. 
Fits  Belfort  assembly. 


Do. 


Do. 

Electric   Speed   Indicator   Co. 
12234  Triskett  Road 
Cleveland,  Ohio  441  1  1 


5.  Power  supply  specs,  for 
anemometer  and  vane:    Regu- 
lated, variable  0-24  volts  D.C. 
and  0-6  amps,  output. 

6.  Esterline  Angus  Model  A602X 
Operations  10-pen  event 
recorder.   Portable  case 

with  No.  2  hand-wound 
spring  chart  drive.   Common 
return  with  6  or  1  2  volt  D.C. 
pen  elements  (specify  one). 

7.  One  pint  red  ink.   Prt.  No. 
61101-R 

8.  24  Esterline  charts  No. 

1  71  0-C,  3  inches  per  hour. 

9.  Cable.   6  copper  strands  mini- 
mum, shielded.    Strand  size 
No.  14-19  AWG. 

10.  Ohm  meter  (for  troubleshoot- 
ing wind  systems).   Triplett 
Volt-ohm-milliammeter  Model 
310.    L.  B.  Walker  Rodio  Co. 
Cat.  No.  3018 


Check  locol  electronics  outlet 


Local  Esterline  Angus 
Distributor 


Do. 

Do. 

Local  Electrical  Supplier  or 
Nl  cond.  surplus. 

L.  B.  Walker  Radio  Co. 

300  Bryant  St. 

Denver,  Colorado  80202 


NOTE:    Spare  anemometers  and  vanes  are  essential. 


II.   PRECIPITATION 
Item  Source 

Recording  rain  and  snow  gage    Belfort  Instrument  Co. 
Belfort  Cat.  No.  5-780  with  12-    4  North  Central  Avenue 
inch  dual  traverse.    LESS 
CHART  DRIVE  AND  CYLINDER 
BUT  WITH  (100)  192  hour  chart; 
No.  5-4046B,  complete  with 
pen,  ink,  and  dash  pot  fluid. 
.  Model  301  D  drum  chart  drive, 
battery  actuated,  3.0  volts 
D.C.  for  recording  rain  and 
snow  gage— drum  height  6  5/8 
inches.   With  power  pack. 
Gears  for  192  HOUR  CHART. 


Baltimore,  Maryland  21202 


Kingmann-White,  Inc. 
P.  O.  Box  G 
Placentio.  Calif.  92670 


Trade  and  company  names  are  used  for  the  benefit  of 
the  reader,  and  do  not  imply  endorsement  or  preferential 
treatment  by   the  U.   S.   Department  of  Agriculture, 


3.  Standard  8-inch  can,  42  inches 
in  length.  Galvanized,  painted 
a   flat    black. 

4.  Support  for  8-inch  can,  with 
angle  iron  legs. 

5.  Weather   Bureau   weighing 
scale.      Detecto  Mod.   No. 
0127-H-40,   2-revolution- 
40-pound  capacity,  circular 
dial  with  decal  (reads  directly 
in  inches  water  for  8-inch 
can)  without  cover  glass  or 
sash.   Adjustable  tare  pointers. 

6.  Swiss  snow  kit  (Schneewaage) 
1  Federwaage  Type  Nr.  491b 
0-300  g  Teilung  2  zu  2  g 

SET  TARE  AT  ZERO. 

1  Rohr  0.5  Itr.  inhalt  aus 

Aluminum  196  mm  x  57  pDi 


Rex  Industries 

625  North  335  West 

Salt    Lake    City,    Utah   84100 

Do. 


Environmental  Science  Serv- 
ices Administration.  U.  S. 
Weather  Bureau,  Executive 
Boulevard  BIdg.  5,  Room  627 
Rockville,  Maryland  20852 
Atten:    Mr.  E.  Lucas  (AD  1  12) 


Ernst  Strohmeier 
Kreuzstrasse  52 
Rapperswil  SG 
SWITZERLAND 
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III.  TEMPERATURE 
Item  Source 

Townsend  all  metal  thermometer    Weksler  Instrument  Corp. 
support.    Weksler  Cat.  No.  322A.     195    East    Merrick    Road 


V.   TEST  FIELD  INSTRUMENTS 


Freeport,  New  York  1  1520 
Henry  J.  Green  Instrument  Co. 
2500  Shames  Drive 
Wespbury.  New  York 


2.  Moximum  thermometer.  H.J. 
Green  Cat.  No.  101.    Range 
-38°  F.  to  1  10°  F.  approx. 
One  replacement  max. 
therm,  without  backing. 

3.  Minimum  thermometer.    H.  J. 
Green  Cat.  No.  108— amber 
colored  alcohol.    Range -50°  F. 
to  +1  10°  F.  approx. 

4.  Hygrothermograph,  vertical 
drum  type,  Belfort  Cat.  No. 
5-594,  LEST  CHART  DRIVE 
AND  CYLINDER  BUT  WITH 
(100)  176  hour  charts  No. 
5-209-WB.   Complete  with  pen 
and  ink. 

5.  Model  301  D  Drum  chart  drive, 
battery  actuated,  3.0  volts  D.  C. 
for  hygrothermograph.    Drum 
height  5  1/8  inches.   With 
power  pack.   Gears  for  176 
HOUR  CHART. 

6.  Instrument  shelter,  medium 
size.   U.  S.  Weather  Bureau  Spec.    230  Nassau  Street 
No.  450.0615.    Cotton  region  Box  230 

type.  Princeton,  New  Jersey  08540 


Do. 


Belfort  Instrument  Co. 
4  North  Central  Avenue 
Baltimore,  Maryland  21202 


Kingmann-White  Inc. 
P.  O.  Box  G 
Placentio,  Calif.  92670 


Science  Associates 


IV.   PRESSURE  (ATMOSPHERIC 
Precision  microbarograph, 
U.S.W.B.    Spec.  No.  450.7221. 
Chart  ratio  2  1/2  to  I.   Chart 
graduation  in  inches  corrected  to 
sea  level.   Specify  spot  elevation 
of  area  where  microbarograph 
will  be  operated.   Complete 
with  pen,  ink,  and  one  set  of 
charts  No.  5-1071  X  weekly. 
Spring  driven  chart  drive. 


Belfort  Instrument  Co. 
4  North  Central  Avenue 
Baltimore,  Maryland  21202 


Item 

1.  Ram  penetrometer  with  4 
extension  sections    and  1-  and 
2-kg    ram  drivers. 

2.  Triple  beam  balance.  Ohaus 
model  750-S.  (Keep  at  base 
station). 

3.  Stainless  steel  tube  stock  for 
making  density  tubes— 304  WD 
stainless  steel  tubing,  2  3/8  inch 
O.D.,  .049  inch  wall.    Cut  tubes 
19.05  cm    long  ond  bevel  one 
edge. 

4.  Plastic  cops  for  500  cm-"  tubes. 


Source 
Walter  Buser 
Kleinmechonishe 
Werkstotte,  Korstlernstrosse  5 
Zurich,  43,  SWITZERLAND 
Contact  local  scientific 
supply  house. 

Contact  local  tubing 
distributor. 


Test  Lab.  Corporation 
216  N.  Clinton  Street 
Chicago,  Illinois  60606 
Contact  local  sheet  metal 
shop. 


Contact  local  scientific 


5.  Shear  frame:    1 .9  cm    depth, 
10.2  cm   front  width;  9.7  cm 
back  width.    Two  bars  at  1/3 
and  2/3  of  total  length.   (See 
fig.  1  1).    Bottom  edges  beveled. 
Wall  thickness  about  0.3  mm. 

6.  Chatillon  Gauge-R  Catalog 
516-1000.    Graduated  in  pounds     supply  house, 
and  grams. 

7.  Dial  thermometers  for  snow  Weston  Electric  Instrument 
profiles.    Weston  Model  No.  226.     Corp. 

Range-100°  C.  to  -h40°  C.  Newark,  New  Jersey 

8.  Snow    shovel.       D-handle    alumi-  Wood  Shovel  and  Tool  Co. 
num    with    square    blade.      Model  Piqua,  Ohio  (Order  through 
4A  Zephyr-weight.  local  hardware  outlet). 

9.  Snow  pit  wall  brush.    For  hard  Local  hardware  store, 
snow.    Plastic  whisk  broom.    For 

soft  snow:    3-inch  nylon  paint 
brush. 

V.   TEST  FIELD  INSTRUMENTS 
Item  Source 

10.  Folding  metric  carpenter's  rule.       Local  drafting  store. 
2  meters  long. 

1  1 .  Hand  lens.    Double  pocket  lens.      Do. 
2X-4X-8X.   K.E.  No.  830360 

12.  Millimeter  Reticle— 1  mm.  plastic   General  Biological  Supply 
2  inch  by  3  inch  approx.  House 

Chicago,  Illinois 


AgTiailUjre  .-.  CSU,  Ft.  Colhnj 
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As  oar  Nation  groivs,  people  expect  and  need  more  from  their  forests— more 
tvood:  more  water,  fish  and  ivildlife;  more  recreation  and  natural  beauty:  more 
special  forest  products  and  forage.  I  he  Forest  Service  of  the  i' .  S.  Department 
of  Agriculture  helps  to  fulfill  these  expectations  and  needs  through  three  major 
activities: 

•  Conducting  forest  and  range  research  at  over  7.1  locations  ranging  from 
Puerto  Rico  to  Alaska  to  Hawaii. 

•  Participating  with  all  State  forestry  agencies  in  cooperative  programs  to 
protect,  improve,  and  wisely  use  our  Country  s  .i9.)  million  acres  of  State, 
local,  and  private  forest  lands. 

•  Managing  and  protec ting  the  IH7 -million  acre  National  Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the  nctv  knowledge  that 
research  scientists  develop:  by  setting  an  example  in  managing,  under  sustained 
yield,  the  National  Forests  and  (Grasslands  for  multiple  use  purposes:  and  by 
cooperating  with  all  States  and  with  private  citizens  in  their  efforts  to  achieve 
better  managemen t,  protection,  and  use  of  forest  resources  . 

Traditionally ,  I'orest  Service  people  have  been  active  members  of  the  com- 
munities and  towns  in  which  they  live  and  work.  I  hey  strive  to  secure  for  all. 
continuous  benefits  from  the  Country\s  forest  resources  . 

For  more  than  60  years,  the  borest  Service  has  been  serving  the  \ation  us 
a  leading  natural  resource  conservation  agency  . 
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ABSTRACT 

Glued  lumber  decking  panels  fabricated  with  Grade  3  Common 
faces  end  4  Common  cores  are  as  stiff  or  stiffer  than  conventional 
panelized  decking  designed  for  4-foot  spans.  Only  panels  fabri- 
cated with  Grade  1  and  2  Clear  faces  can  be  thinner  or  span  a 
greater  joist  spacing  than  those  with  3  Common  faces  and 
4  Common  cores. 
Key  Words:     Panels,   lumber,   forest  products,  Pinus  ponderosa. 
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Bending  Strength  of  Panelized  Decking 
from  Black  Hills  Ponderosa  Pine  Lumber 

Donald  C.    Markstrom  and  Edwin   H.    Oshier 


Introduction 

Panelizing  laminated  decking  showsconsiderable 
promise  for  utilizing  low-grade  lumber  from  pon- 
derosa pine  (Pinus  ponderosa  Laws.)  and  other 
species,  and  for  recovering  some  of  the  lost  sheath- 
ing market.  This  product  can  be  designed  for  speci- 
fic stiffness  and  strength  requirements,  can  be  manu- 
factured into  panel  form  for  reduced  installationcosts, 
and  could  utilize  large  amounts  of  low-grade  lumber. 
Lower  grades  of  lumber,  with  lower  moduli  of  elas- 
ticity and  rupture,  can  be  used  as  core  material, 
with  higher  grades  of  lumber  resawn  for  the  outer 
plies(fig.  1 ). 


The  purpose  of  this  study  was  to  provide  design 
information  for  laminated  decking  of  Black  Hills 
ponderosa  pine  lumber.  The  primary  objective 
was  to  determine  and  compare  both  stiffness  and 
ultimate  load-carrying  capacity  of  decking  fabricated 
with  different  lumber  grades. 

It  has  been  established  that  moisture  content, 
density,  knots,  cross  grain,  shakes,  checks,  borer 
holes,  wave,  and  decay  affect  the  bending  strength 
of  wooden  members.^  The  most  frequent  and 
important  strength-reducing  defects  in  the  lower 
common  grades  are  knots.  The  modulus  of  rupture 
and  modulus  of  elasticity  are  reduced  by  the  lower 
compressive  and  tensile  strength  of  the  knot,  associ- 
ated cross  grain,  and  by  stress  concentrations  bor- 
dering the  knot. 

Methods 

Fabricating  the  Panels 

Rough  air-dried  1-  by  6-inch  ponderosa  pine 
boards,  with  defect  types,  sizes,  and  distributions 
representative  of  the  lumber  grades  to  be  used  in 
the  test  panels,  were  selected  by  a  lumber  grader 
at  Black  Hills  sawmills.  Forty  test  panels,  10  for 
each  lumber  face  and  core  combination,  were  fabri- 
cated in  the  following  combinations: 


Faces 

3  Common 
2  Common 
I  &  2  Clear 
1  &  2  Clear 


Cores 

4  Common 
4  Common 
4  Common 
1  &  2  Clear 


Tlgwi^  1.--Tut  pamZ  with  K^awe.d  4/4  lumbeA 
^acu  g-dued  peApzndiciLtoAJiu  to  tht  nominal 
1-inch  cofid  bocuidi. 


"^Markwardt,  L.  J.,  and  Wood,  L.  W.  Simnli- 
fied  principles  for  structural  gradina  of 
timber.  USDA  Forest  Serv. ,  Forest  Products  Lab. 
Rep.    2112,    19  p.,    illus.      1958. 
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No  decay  or  open  defects  greater  than  1/16  inch 
in  width  were  allowed  in  any  member  except  those 
permitted  on  grade  4  Common.  The  moisture  con- 
tent of  the  rough  4/4  lumber,  measured  with  an 
electric  moisture  meter  on  10  randomly  selected 
boards  within  each  grade,  averaged  11.5  percent 
and  ranged  from  10  to  13  percent.  Stress  distri- 
bution was  sampled  with  three  1-inch  sectionssawed 
from  three  randomly  selected  boards  within  each 
lumber  grade.  The  prong-type  stress  specimens 
indicated  very  little  or  no  detectable  stress  within 
the  sample  boards. 

The  rough  lumber  for  face  boards  was  resawn 
with  a  vertical  line  bar  resaw,  jointed  on  one  edge 
and  ripped  on  the  other  edge  to  5'/2-inch  widths, 
and  crosscut  to  50-inch  lengths  (fig.  2).  The  rough 
lumber  for  core  boards  was  planed  on  both  faces 
to  25/32-inch  thicknesses,  jointed  on  one  edge  and 
ripped  on  the  other  edge  to  S'^-inch  widths,  and 
crosscut  to  27'/2-inch  lengths.  Nine  core  boards 
and  10  face  boards  were  randomly  selected  and 
arranged  for  each  panel  within  each  lumber  face 
and  core  combination;  upper  and  lower  face  boards 
were  oriented  at  right  angles  to  core  boards.  The 
five  face  boards  were  stapled  together  at  the  ends 
to  facilitate  handling  and  assure  tight  joints  when 
pressed.  The  staples  were  removed  when  the  lami- 
nated panel  was  trimmed  to  a  48-inch  length. 


FlguKe-  2.--'Pe,i,aMing  fioagh  4/4   tamb^^  into   /^ace 
booJidb.       The  icui^    (-006  4(?t  to  \on.oduce     f^aco- 
boaxd-fi  with  7/16-inch  tfiicknUi.      Thii,  loai 
mauioAn  to  piovida  {^on.  vlaning  a  smooth 
gliulnq  iufifiacz,   and  having  a  final  un-lfom 
thicknej>6   o()  3/S  inch  {^oK  alt  face  boaAds. 


Phenol-resorcinol  adhesive  was  spread  on  both 
surfaces  of  the  core  boards  at  the  rate  of  65  to  70 
pounds  per  thousand  square  feet.  Glue  was  not 
spread  on  either  the  face  boards  or  the  edges  of 
the  core  boards.  The  panels  were  pressed  at  150 
pounds  per  square  inch  (p.s.i.)  for  6  hours  at  80° 
to  90°F.  (fig.  3).  The  cured  panels  were  planed 
on  both  faces  to  a  uniform  thickness,  and  trimmed 
to  a  24-inch  width  and  48-inch  length.  The  panels 
were  stickered  and  kept  at  a  moisture  content  of 
1  1  to  1  2  percent  until  tested  for  strength. 


TigtULt  3. --Five     pane^ti     weAe     aiiambtcd    and 
pfieaed  at  one   time.   hiot'>.  iquceze  out  of  glue. 


Testing  the  Panels 

The  panels  were  statically  bent  over  a  44-inch 
span  with  equal  loads  applied  at  quarter  points 
(fig.  4).  The  movable  head  of  the  Tinius  Olsen 
400,000  pound  Super  L  Testing  Machine-'  was 
driven  at  the  rate  of  0.34  inch  per  minute.  A  Tinius 
Olsen  Model  D-2  Deflectometer  and  Model 
51  Recorder  measured  and  recorded  loads  and  cor- 
responding midspan  deflections  between  the  sup- 
ports. A  tripoint  deflectometer  fabricated  with  ply- 
wood, three  cap  screws,  and  an  Ames  gage  meas- 
ured midspan  deflection  of  the  constant  moment 
portion  of  the  panel  between  the  load  points  (fig. 
5).      A   Bolex    16   mm.   camera  synchronized  with  a 


Trade  and  company  names  are  used  for  the 
benefit  of  the  reader,  and  do  not  imply 
endorsement  or  preferential  treatment  by  the 
U.    S.    Department   of  Agriculture . 


Sanborn  150  Recorder  photographed  the  Ames  gage 
every  second. 

The  length,  width,  and  thickness  of  the  panels 
were  measured  within  the  ±0.3  percent  accuracy 
stipulated  by  ASTM  for  tests  of  veneer,  plywood, 
and  other  glued  construction.-^  Deflections  were 
measured  and    recorded  to  the  nearest  0.001    inch. 

A  1-inch-wide  section  sawed  across  the  width 
of  the  panel  after  testing  was  weighed  to  the  near- 
est 0.01  gram,  ovendried  at  103°C.,  and  reweighed 
todetermine  the  moisture  content. 


Fiqa-te  4.~-Tut     panels  loe^ie.  loaded  at  quafit^A 
points,     and     midipan     d^f'^ldctlon     beMi)ze.n 
iuppo^ti  wcU)  mexua/itd  LOiJ:k  a  d(i{\tQ.cXomiit^n. . 
Tioo     4-   bu  25- Inch     6talnl^i     it^2l     platen 
(oe-^e  nUiCdd  hetoeew  thu  panoX  and  dach  load- 
Ino.     ddqd     of]      the,  itatlc     bendJjrq     toot. 
Gn.apkl.te.    woi  ipmad     beMoeen     the  ptate.i   to 
oLtoM  eahu  movejment. 


Results 


Strength  of  Panels 


Perhaps  the  most  significant  results  were  that  the 
panels  with  grades  2  Common  faces  and  a  4  Com- 
mon core  were  neither  significantly  stronger  nor 
stiffer  than  those  with  grades  3  Common  faces 
and  a  4  Common  core  (table  1).  Also  panels  with 
grades  1  and  2  Clear  faces  and  with  a  1  and  2 
Clear   core,    while    stronger    than    those    with    a   4 


American  Society  for  Testing  and  Mate- 
rials. Standard  methods  of  testing  veneer,  ply- 
wood,and  other  glued  veneer  constructions ,  ASTM 
Designation:  D  805-63,  p.  218-221.  In_  1966  Book 
of  ASTM  Standards,  Part  16,  Structural  Sandwich 
Constructions;  Wood;  Adhesives.  Philadelphia , 
Pa.:      Amer.    Soc.    Test.    Mater.      1966. 


VlQuAe  5.--Tfilpoint    def^tectometeA     located 
beti^e.e.n     load  points  to     rmoiuAe  de(^tzcXA.on(s 
{)0K     catcuZatlng     modutLU>     of)     elja^ticJjty, 
excluding     t,he.ai. 


Common  core,  were  not  significantly  stiffer.  As 
might  be  expected,  the  panels  with  grades  1  and 
2  Clear  faces  and  with  either  a  1  and  2  Clear  or 
a  4  Common  core  were  stronger  and  stiffer  than 
those  with  either  2  or  3  Common  faces  and  a  4 
Common  core.  The  between-panel  variation  of 
both  strength  and  stiffness  was  greatest  for  the  3 
Common    face    and   4   Common   core   combination. 


Table   1. --Strength  and  stiffness  of  panels  with  different 
lumber  grades  in  the  faces  and  cores!' 


Lumber  grade 

Modulus 

of 
rupture-/ 

Modulus  of  elasticityi/ 

Faces 

Cores 

Including 
shear 

Excluding 
shear 

P-S-1- 


10'-   p.s.i. 


1&2  Clear     1&2  Clear     9150   '   500       1.45   '   0.06a  1.61   i  0.07a 

1&2  Clear     4  Common       8100  i   380       1.40  +  0.04a  1.55  ±  0.06a 

2  Common       4  Common       5790   '   620a     1.25  ±  0.05b  1.38  ±  0.08b 

3  Common       4  Common       5310  i  810a     1.17  i  0.07b  1.33  +  0.10b 

-/urade  combinations  with  same  letter  are  same--(5  per- 
cent) Duncan's  multiple  range  test. 

-/95  percent  confidence  limit. 


The  average  and  range  of  certain  test  variables 
are  shown  in  table  2.  The  height  and  width  values 
are  each  averaged  from  six  measurements  within 
the  constant  monient  portion  of  each  beam.  The 
overage  specific  gravity  based  on  total  panel  weight 
and   volume   for    all    panels  was  0.46,  greater  than 
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Table  2. --Average  and  range  of  measured  or  calculated  variables  for  four  tests  of  panel   construction 


Measured  or  calculated  variables 

Construction  of 

Thickness 

Width 

Moisture 

content 

(ovendry 

weight) 

Specific 
gravity 

Stiffness 

test  panels 

Including             Excluding 
shear  strain      shear  strain 
(EI)                       (EI) 

Ultimate 
load 

Inches 


Inches 


Percent 


(Lb.-inch^/inches  of  width)xlO^     Pounds 


Faces--1&2  Clear 

Core  --1&2  Clear 

Average  1.441  24.02  10.4  0.47  307  340  11,700 

Range  1.433  to  1.445         24.00  to  24.03      9.5  to  11.2      0.45  to  0.48     287  to  336       312  to  371       10,000  to  13,100 

Faces   1S2  Clear 

Core  --4  Common 

Average  1.442  24.02  10.9  0.46  297  329  10,400 

Range  1.400  to   1.443        24.00   to  24.03     10.2  to   11.4       0.44  to  0.47     278  to  317       299  to  357        9,350  to  11,800 

Faces--2  Common 

Core  --4  Common 

Average  1.439  24.01  11.3  0.44  262  289  7,370 

Range  1.436  to   1.441         23.98  to  24.02     10.9  to   11.6      0.44  to  0.45     237  to  291       241  to  305         6,300  to   10,000 

Faces--3  Common 

Core  --4  Common 

Average  1.440  24.01  10.9  0.46  247  280  6,800 

Range  1.437  to  1.441         23.98  to  24.03     10.4  to   11.4       0.44  to  0.48     218  to  287       241  to  323         5,130  to     9,800 


the  0.41    value   for   ponderosa   pine   at    12  percent 
moisturecontent  in  the  Wood  Handbook.—' 


Strength  Formulas 

The  formulas  to  calculate  stiffness  and  the  moduli 
of  elasticity  and  rupture  are: 

STIFFNESS: 

Including  shear  strains— 


(Ei; 


P  A 

48r 


3L   2 
1 


4A' 


(El) 

Pi 
A 

A, 


,  =  stiffness  including  shear  strains,  pounds-inch^ 
=  load  withinproportional  limitof  beam,  pounds 
=  distance  from  support  to  load  point,  inches 
=  span  length  between  supports,  inches 
=  deflection  produced  at  midspan  relative  to 
supports  by  P,  ,  inches 


'U.    S.    Forest      Products      Laboratory. 


Wood 


Handbook.      U.    S. 
528   p.      1955. 


Dep.    Agr. 


Agr.      Handb.       72, 


Excluding  shear  strains- 

(EI)^ 
where 


P  AL   • 

2        2 

16A 


(Eljj  =  stiffness  excluding  shear  strains,  pounds-inch^ 
P2  =loadwithin  proportional  limit  of  beam,  pounds 
A  =  distance  from  support  to  load  point,  inches 
=  span  length  within  constant  moment  section 
over  which  deflection  wasmeasured,  inches 
=  deflection  produced  at  midspan  of  Lj  by 
load, Pj,  inches 


-  2 

A. 


MODULUS  OF  ELASTICITY: 
Including  shear  strains— 

(EI) 


where 
E 


Ec. 


(El) 


=  modulus    of    elasticity    of  faces   (parallel    to 

grain),  p.s.i. 
=  moment    of    inertia    of    face    plies,    inches^ 
=  modulus  of  elasticity  of  core  (perpendicular 

to  grain),    assumed   to   be   0.05  Ej    ,  p.s.i. 
=  moment  of  inertia  of  core,  inches'* 
=  value  from  test  data 
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Excluding  shear  stirains- 


h    ' Tf 

2  T 


Where 


■'2 


(El) 


=  modulus    of    elasticity    of   faces   (parallel    to 

grain),  p.s.i. 
=  moment    of    inertia    of    face    plies,    inches'* 
=  modulus  of  elasticity  of  core  (perpendicular 

to  grain)   assumed   to   be  O.OSEj      ,   p.s.i. 
=  moment  of  inertia  of  core,  inches'* 
=  value  from  test  data 


MODULUS  OF  RUPTURE: 


MOR  = 


ri^  -  0.454'], 

L — 1^ — r 


MOR  =  modulus  of  rupture 
M 

C 


M.      =  maximum  bending  moment,  inch-pounds 


=  distance  from  neutral  axis  to  extreme  fiber, 
inches 
T         =  thickness  of  panel,  inches 
W        =  width  of  panel,  inches 


Most  of  the  panels  failed  suddenly  with  no 
visible  compression  failure. 

The  load-deflection  curves  were  linear  to  failure, 
which  indicated  sudden  tension  failure  and  little  or 
no  compression  failure.  Compression  failure  was 
apparent  on  only  three  of  the  panels. 

Conclusions 

An  important  conclusion  from  this  study  is  that 
stiffness  of  panels  fabricated  with  3  Common  faces 
and  4  Common  cores  is  as  high  or  higher  than  con- 
ventional panelized  decking  designed  for  4-foot 
spans.  The  measured  stiffness  (El)  of  the  10  test 
panels  averaged  247,000  and  ranged  from  218,000 
to  287,000  pounds-inch  per  inch  of  width.  The 
maximum  bending  moment  of  the  10  test  panels 
averaged  1560  and  ranged  from  1170  to  2240 
inch-pounds  per  inch  of  width. 

A  second  conclusion  is  that  only  panels  fabri- 
cated with  grade  i  and  2  Clear  faces  can  be  thinner 
or  span  a  greater  joist  spacing  than  those  with  3 
Common  faces  and  4  Common  cores.  Theoretically, 
the  lumber  grade  of  the  faces,  not  that  of  the  core, 
affects  both  stiffness  and  the  maximum  bending 
moment  the  most.  The  ratio  of  the  moment  of 
inertia  of  the  face  section  to  that  of  the  core  of  a 
1 .441-inch-thick  panel  with  a  0.781-inch  core  is  cal- 
culated at  5.3: 1 . 

This  strength  data  will  help  a  design  engineer 
to  determine  working  stresses  when  using  this  type 
of  panel. 


Agriculture  —  CSU.  Ft  Collinn 
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About    The   Potest   Setyiee.    . 


As  uiu  \atiun  ^rows.  people  expert  and  need  more  from  tfieir  fores ts— more 
wood:  more  ivater.  fish  and  wildlife:  more  recreation  and  natural  beauty:  more 
special  forest  products  and  lorae,e .  I  h  e  f'orest  Service  of  the  L'  .  S.  Department 
of  Agriculture  helps  to  fulfill  these  expectations  and  needs  thruuf{,h  three  major 
activities: 

•  Conducting  forest  and  ranf^e  research  at  over  75  locations  r«;(i;(V;t;  from 
Puerto  Rico  to    ilaska  to  Itatvaii. 

•  Participating  with  all  State  forestry  a^^encies  in  cooperative  programs  to 
protect,  improve,  and  iviselY  use  our  Country' s  ^9.1  million  acres  of  State, 
local,  and  private  forest  lands. 

•  Managing  and  protec  tin  g  the  IH7  -million  acre  National  Forest  System. 

The  Forest  Service  does  this  by  encouraging  use  of  the  new  knowledge  that 
research  scientists  develop:  by  setting  an  example  in  managing,  under  sustained 
yield,  the  National  Forests  and  Grasslands  for  multiple  use  purposes:  and  by 
cooperating  with  all  States  and  with  private  citizens  in  their  efforts  to  achieve 
better  management,  protection,  and  use  of  forest  resources  . 

I radi tionally.  Forest  Service  people  have  been  active  members  of  the  com- 
munities and  toivns  in  which  they  live  and  work.  They  strive  to  secure  for  all. 
continuous  benefits  from  the  Country's  forest  resources  . 

For  more  than  60  years,  the  Forest  Service  has  been  serving  the  Nation  as 
a  leading  natural  resource  conservation  agency. 
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ABSTRACT 

Presents  computer  programs,  written  in  Fortran  IV,  for 

analysis  of  inventory  data,  computation  of  actual  and  optimum 

growing  stocks  and  allowable  cuts,  and  computation  of  other  values 

needed  for  forest  management  planning.   Computed  volumes  and  areas 

are  summarized  in  a  timber  management  guide  that  replaces  a 

conventional  management  plan.   Effects  of  cultural  operations  and 

other  changes  are  accounted  for  in  computation  of  both  actual  and 

optimum  conditions. 

Key  Words:   Allowable  cut,  forest  management,  stand  yield  tables, 
timber  management. 
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Computer-Assisted  Timber  Inventory  Analysis 
and  Management   Planning 


Clifford  A.   Myers 


INTRODUCTION 

A  forest  operated  as  a  business  enterprise  pro- 
duces more  than  wood,  forage,  and  other  products. 
It  is  a  prolific  source  of  treatment  and  inventory 
records,  reports,  plans,  maps,  and  other  information. 
As  with  other  businesses,  there  is  great  need  for 
efficient  information  processing  and  retrieval  so 
that  all  available  information  can  be  used  for 
decisionmaking. 

Procedures  for  analyzing  inventory  and  other 
data  and  reducing  them  to  summary  values  useful 
in  planning,  have  been  available  for  many  years. 
These  procedures  have  long  provided  information 
needed  for  management;  their  validity  and  useful- 
ness usually  have  been  widely  accepted.  There 
are,  however,  important  deficiencies  in  the  ways 
data  have  been  handled  and  in  the  conventional 
methods  of  computation  described  in  forest  manage- 
ment texts.  Specifically,  the  use  of  maps  and  over- 
lays, timber  atlas  and  similar  records,  and  desk 
calculators  involve  such  difficulties  as  the  following: 

1 .  There  is  usually  more  information  available  than 
can  be  stored,  retrieved,  and  analyzed  efficiently. 

2.  Maps,  photographs,  overlays,  and  tabulations  of 
numerical  data  freeze  the  information  at  one  or 
a  few  points  in  time.  Changes  in  recorded  infor- 
mation in  response  to  changes  in  the  forest  are 
expensive  and  time  consuming. 

3.  HIigher  offices  may  ask  for  information  already 
assembled  in  whole  or  in  part  for  a  previous 
report,  but  for  which  the  worksheets  are  no  longer 
available.  This  can  lead  to  much  repetition  in 
the  assembly  and  analysis  of  data. 

4.  Information  gathered  for  a  specific  purpose  may 
be  placed  in  a  dead  file  after  immediate  needs 
are  met.  It  may,  however,  have  future  value 
in  management  and  decisionmaking,  if  it  could 
be  stored  and  relocated  efficiently. 

5.  Timber  management  appears  to  proceed  by  steps. 


from    management    plan    to    management    plan. 
Standing    timber    can    and    should   be   accounted 
for  continuously,  however,  as  is  done  for  products 
entering    and    leaving    a    warehouse.      There   is 
danger  of   forgetting   that   a   productive  forest  is 
a  continuous,  dynamic  system. 
High-speed     computers      with      large    memory 
capacity  (both  core  and  peripheral)  provide  a  means 
of  extracting  efficiently  large  amounts  of  information 
from    an    accumulation    of    records.       Data   can   be 
stored,    retrieved,    and   updated  with  relative  ease. 
Computations,  if  preplanned,  can  be  done  socheaply 
that  higher  offices  can  obtain  all  the  reports  desired 
without     disrupting     the    work     schedule    of     local 
managers.      There   is   no   need  to  depend  on  plans 
that  are  expected  to  apply  for  several  years  despite 
fires,    epidemics,    and   changes   in    economic   condi- 
tions.    A  new  plan,  new  maps,  new  cutting  budget, 
and  a  new  work  schedule  can  be  obtained  as  soon 
as   recent   changes   in   forest   conditions  can   be  re- 
corded in  the  data  file. 

Program  TEVAP  (Timber,  Evaluation  And 
Planning),  described  below  and  listed  in  Appendixes 
1  and  3,  provides  a  means  of  obtaining  guidance 
quickly  from  a  large  volume  of  information.  It  is 
an  example  of  the  application  of  some  information 
handling  and  analysis  procedures  to  forest  manage- 
ment. The  program  was  developed  around  relation- 
ships that  apply  to  timber  production  in  even-aged 
stands  because  such  relationships  were  available. 
It  can,  however,  be  expanded  to  include  forage 
and  other  products  and  timber  production  in  many- 
aged  stands  without  change  in  the  basic  system. 
Program  TEVAP  also  provides  an  exampleof  how 
a  manager  can  obtain  a  management  plan  whenever 
he  wants  one.  A  computer  run,  using  updated 
records,  could  be  made  each  winter  during  the 
planning  period  between  field  or  grovv'ing  seasons. 
Large  amounts  of  tedious  computations  and  analyses 
are   mechanized;  management  plans  thus  need  not 


be  prepared  only  af  intervals  of  perhaps  10  years. 
The  term  management  plan  refers  to  the  quanti- 
tative section  of  a  conventional  timber  manage- 
ment plan.  This  material,  in  the  form  produced  by 
TEVAP,  vv-ill  hereafter  be  referred  to  as  a  manage- 
ment guide.  Such  information,  regardless  of  hovv 
computed,  is  better  considered  as  a  guide  or  aid 
to  management  rather  than  as  a  plan.  Follov^ing 
common  modern  practice,  the  transportation  system 
and  other  general  details  can  best  be  described 
in  a  report  that  covers  the  entire  forest  and  all 
resources. 

Programs  such  as  TEVAP  produce  information 
that  can  be  used  for  more  purposes  than  control 
of  current  operations.  They  provide  input  data 
for  programs  that  simulate  operation  of  a  forest 
under  actual  conditions.  A  manager  can  use  the 
results  of  simulation  to  determine  which  one  of 
several  management  alternatives  will  best  meet 
his  objectives  (Chorafas  1965). 

The  program  was  written  in  USASI  standard 
Fortran  IV  and  tested  on  a  CDC  6400  computer. 
Program  organization  permits  modification  for  appli- 
cation to  local  tree  species,  procedures,  and  com- 
puting equipment.  Improved  or  additional  data  and 
procedures  can  be  inserted  as  they  become  avail- 
able. Relationships  that  are  specific  to  a  species 
or  location  are  described  in  Appendix  4.  They  can 
be  replaced  by  statementsapplicable  toother  species 
or  forest  regions. 

DATA  HANDLING  AND  MANAGEMENT 

Forest  resource  records  are  assembled  from 
several  sources.  For  timber,  these  sources  are: 
(1)  periodic  forest  inventory,  (2)  job  reports  pre- 
pared at  the  completion  of  each  thinning,  planting, 
sale,  or  other  cultural  operation,  (3)  area  descrip- 
tions written  after  each  fire  or  other  catastrophe, 
and  (4)  stand  and  compartment  analyses  made  as 
funds  become  available.  Results  of  periodic  inven- 
tories appear  in  management  plans  prepared  after 
each  inventory.  Job  reports  and  other  data  may  be 
posted  on  the  maps  and  tables  of  a  timber  atlas 
and  summarized  in  annual  reports.  Although  pro- 
cedures vary  among  forest  regions  end  classes  of 
ownership,  almost  every  item  of  information  is 
used   at   some   step    in   management   and   decision- 


Trade  names  and  company  names  are  used 
for  the  benefit  of  the  reader,  <^nd  do  not 
imply  endorsement  or  preferential  treatment  by 
the  U.    S.    Department  of  Agriculture. 


making.  Several  operational  computer  programs 
for  the  analysis  of  periodic  inventories  illustrate 
how  well  thedevelopmentof  computationprocedures 
has  progressed. 

It  is  unusual,  however,  for  every  item  of  in- 
formation to  be  used  for  all  appropriate  purposes. 
For  example,  an  individual  fire  report  becomes 
part  of  the  annual  report  on  losses  and  suppres- 
sion costs.  It  may  then  go  to  the  protection  file 
rather  than  be  processed  as  an  important  item 
of  inventory  data. 

There  are  valid  reasons  why  the  maximum  amount 
of  information  may  not  be  extracted  from  each  item 
of  data.  Problems  related  to  storage  and  retrieval 
are  frequently  of  great  importance.  These  include 
the  size  of  record  files,  problems  of  assembling 
the  data  for  use,  and  reassignment  of  people  who 
know  what  has  been  recorded  and  where  to  find 
it.  A  forest  manager  is  faced  with  other  information 
problems  that  are  less  easily  solved.  There  is 
little  value  in  pooling  records  unless  they  can  be 
updated  to  put  them  on  a  common  time  base.  Also, 
data  sufficient  for  a  particular  purpose  may  not  be 
complete  enough  for  more  general  use.  A  report 
on  a  thinning  job  may  not  contain  sufficient  stand 
or  site  data  to  permit  its  use  in  growth  projections. 

Procedures  used  in  TEVAP  to  bypass  some  of 
the  problems  mentioned  above  are  based  on  avail- 
ability of  a  file  of  inventory  records  that  can  be 
updated  as  needed.  This  file  contains  stand  data 
from  many  sources  such  as  land  books,  job  reports, 
and  inventories.  Stand  descriptions  prepared  soon 
after  thinning,  fire  suppression,  and  other  activities 
provide  excellent  up-to-date  inventory  data  and 
are  used  as  such.  Conventional  inventories  sample 
parts  of  a  forest  not  already  described  in  other 
records. 

Inventory  records  for  TEVAP,  card  type  16  in 
the  list  of  data  cards,  are  summarises  of  work  reports 
or  of  conventional  inventory  records.  They  contain 
only  the  specific  items  needed  for  program  execu- 
tion. Overstory  and  understory  components  of  a 
stand  are  described  separately,  if  both  are  present. 
Computations  can  thus  be  made  for  stands  being 
regenerated  by  shelterwood  or  seed  tree  systems. 
Growth  can  also  be  estimated  for  the  many  uneven- 
aged  stands  that  may  be  described  mathematically 
as  two  stands,  overstory  and  understory. 

Data  used  by  TEVAP  can  be  updated  by  com- 
puter once  the  basic  relationships  needed  have 
been  determined.  How  this  may  be  done  for  the 
inventory  records  is  explained  in  Appendix  5. 


DESCRIPTION  OF  PROGRAM  TEVAP 

Program  TEVAP  consists  of  a  main  program 
and  nine  subroutine  subprograms  (Appendix  1, 
Appendix  3).  Three  subroutines  (MAPS,  AREAl, 
AREA2)  provide  alternative  waysof  computing  areas, 
and  only  one  of  them  is  used  at  a  time.  Program 
execution  thus  requires  use  of  the  main  program 
and  seven  subroutines. 

Content  and  purpose  of  each  routine  are 
described  in  the  sections  that  follov/.  Variable 
names  are  defined  v/ith  the  main  program  in 
Appendix  1  and  in  the  list  of  contents  of  the  data 
deck.  The  list  of  data  cards  also  reports  the  number 
of  cards  needed  and  the  sequence  in  which  they 
are  read.  An  example  of  an  application  of  TEVAP, 
reported  in  Appendix  2,  provides  additional  explana- 
tion of  the  program. 

The  number  of  possible  units  of  each  kind  of 
forest  subdivision  is  limited  by  the  dimensions 
assigned  appropriate  variables  in  COMMON  and 
DIMENSION  statements.  Each  subdivision  has  a 
different  limit  so  dimensions  and  loops  that  pertain 
to  it  can  be  identified.  Restrictions  to  be  observed 
unless  appropriate  changes  are  made  are  as  follov^s: 

1 .  The  working  circle  may  be  subdivided  into  one  to 
five  blocks.  A  block  may  be  an  isolated  unit  of 
the  working  circle  or  one  or  more  ranger  districts. 
There  must  be  at  least  one  block  in  the  working 
circle  for  proper  program  execution. 

2.  A  maximum  of  three  working  groups  may  be 
defined  without  changes  in  dimensions.  For 
brevity,  formats  of  output  tables  provide  for  only 
two  working  groups.  A  working  group  consists 
of  stands  of  the  same  forest  type  and  managed 
under  the  same  silvicultural  system  (Chap- 
man 1950). 

3.  Provision  is  made  for  20  vegetative  or  use  types; 
17  types  are  used  for  the  example  presented 
in  Appendix  2.    They  are  as  follows: 

Types  1-5  -  Five  broad  age  classes  within  a  pine 
working  group  that  is  regenerated  by  shelterwood. 
Types  6-10  -  Five  broad  age  classes  within  a 
spruce  working  group  that  is  regenerated  by 
small  clearcuts. 

Type  1  1  -  Deforested  areas  covered  by  brush. 
Type  12  -  Deforested  areas  covered  by  grass. 
Type  13  -  Recreation  areas  not  included  in  com- 
putations of  allowable  cut. 

Type  14  -  Rock  outcrops  and  other  areas  where 
plant  products  cannot  be  produced. 


Type  15  -  Areas  covered  by  brush  that  will  not 
be  converted  to  forest. 

Type  16  -  Areas  with  grasses  and  other  herba- 
ceous species  that  will  be  managed  for  forage 
production. 

Type  17  -  Areas  of  other  ownership  within  the 
boundaries  of  the  working  circle. 

4.  Stand  ages  may  be  grouped  into  15  or  fewer 
10-year  age  classes.  This  classification  is  in  addi- 
tion to,  but  correlated  with,  the  use  of  age  in  the 
forest  type  definitions. 

5.  Provision  is  made  for  up  to  30  subcompartments 
per  compartment.  This  specification  need  be 
considered  only  if  subroutine  MAPS  is  chosen 
as  the  source  of  area  data. 


Main  Program 

The  main  program  calls  five  subroutines  to  exe- 
cute five  groups  of  operations  in  the  following 
order: 

1 .  Read  values  of  control  variables. 

2.  Compute  area  totals  and  subtotals. 

3.  Compute    present   and   future   volumes,   periodic 
yields,  and  other  descriptive  values. 

4.  Compute    optimum    growing    stocks    and    yields. 

5.  Summarize    computations    and    print   a   guide   to 
management. 

TEVAP  provides  three  alternatives  for  thesecond 
set  of  operations,  computation  of  areas.  One  alter- 
native (MAPS)  requires  complete  forest  subdivision 
plus  compartment  maps  on  punched  cards  or  mag- 
netic tape.  Another  (AREA2)  requires  only  a  know- 
ledge of  total  area  of  the  working  circle  and  of  each 
nontimber  vegetative  or  use  type.  The  third  alter- 
native (AREAl)  represents  one  intermediate  possi- 
bility, knowledge  of  type  areas  by  compartments 
but  with  subcompartments  notdesignatedor  mapped. 
A  new  routine  may  replace  the  three  examples  if 
still  another  level  of  information  is  of  interest. 

Each  subroutine  called  by  the  main  program 
writes  one  or  more  pages.  Each  page  is  identified 
by  a  type  number  such  as  "page  type  3."  Each 
type  number,  except  type  5,  designates  a  specific 
page  layout.  Pages  are  not  numbered  consecutively 
because  page  requirements  will  vary  with  size  of 
the  working  circle  and  area  alternative  used.  The 
last  three  items  printed  are  designated  types  1, 
2,  and  3  since  many  managers  prefer  that  summary 
pages    be    the    initial    pages   of   a   plan.     Pages  of 
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Z-fold  paper  can  be  separated  and  placed  in  proper 
numerical  order.  Temporary  storage  on  scratch 
tapes  can  be  used  to  reorder  pages  for  output 
onto  film. 

Subroutine  BASIS 

BASIS  enters  into  computer  memory  values  of 
control  variables  that  do  not  change  during  program 
execution.  Some  variables  quantify  management 
decisions  and  economic  limitations.  These  include 
frequency  and  intensity  of  thinning,  rotation  lengths, 
volume  of  seed  trees  or  shelterwood,  and  minimum 
volumes  for  commercial  operations.  Other  variables 
define  such  items  as  expected  growth  of  an  over- 
story  seed  source  and  length  of  the  delay  betv/een 
regeneration  cutting  and  establishment  of  the  new 
stand.  Values  of  the  control  variables  can  be  ob- 
tained from  analysis  of  past  records,  measurements 
on  temporary  plots,  and  from  computer  simulations 
based  on  goals  and  policy  (Myers  1968). 

Values  read  by  BASIS  are  printed  as  page  type 
4  to  provide  a  record  of  the  control  variables. 
These  variables  are  listed  and  defined  in  the 
description  of  the  data  deck. 

Subroutine  MAPS 

Subroutine  MAPS  is  one  of  three  alternative 
routines  used  to  compute  areas.  Complete  forest 
subdivision  to  the  subcompartment  and  compart- 
ment maps  that  show  types  and  subcompartments 
are  needed.  The  sequence  of  operations  is  ex- 
plained by  COMMENT  statements  in  the  program 
listing  (Appendix  3). 

Program  MAPS  accepts  map  data  in  the  form 
of  arrays  of  map  codes  on  punch  cards  or  tape. 
The  form  of  input  is  specified  by  assignment  of 
logical  unit  3  to  the  card  reader  or  to  a  tape  drive. 
Array  sizes,  related  DIMENSION  statements,  the 
system  of  map  codes,  and  the  area  represented 
by  one  square  of  the  map  grid  may  be  changed 
as  desired. 

Coding  of  types  (KTYP)  and  subcompartments 
(KSUB)  followed  a  procedure  used  for  demographic 
and  other  studies.  In  the  example,  each  section 
of  640  acres  on  a  forest  stand  map  was  subdivided 
into  144  small  squares.  Each  square  of  4.444  acres 
(map  4  inches  to  1  mile)  was  then  assigned  the  code 
number  of  the  predominant  type.  Portions  of 
sections    were    combined    to    reproduce   the    entire 


compartment.  Subcompartments  were  then  desig- 
nated and  coded  on  the  basis  of  type  codes  and 
field  data.  In  the  forest  used  as  an  example,  all 
compartments  fit  into  squares  three  sections  on  a 
side  and  could  be  represented  by  arrays  of  36x36 
2-digit  code  numbers.  One  west-to-east  row  of 
coding  occupied  the  first  72  columns  of  a  punch 
card.  As  many  cards  as  necessary,  but  not  more 
than  36,  were  punched  to  complete  a  type  or  sub- 
compartment  map  for  a  compartment.  All  cards 
were  run  through  an  editing  program  to  locate 
errors.  This  included  a  check  that  each  subcom- 
partment contained  only  one  type.  Corrected  maps 
and  control  variables  were  then  recorded  on  mag- 
netic tape,  using  WRITE  statements  equivalent  to  the 
last  three  READ  statements  of  MAPS. 

The  mapping  procedure  used  is  intended  to 
illustrate  the  types  of  information  needed  and  what 
can  be  done  with  it.  In  actual  applications,  more 
efficient  procedures  may  be  available.  hHand-coding, 
for  example,  can  be  replaced  by  use  of  equipment 
that  reduces  map  areas  to  digitized  form.  Forest 
managers  can  obtain  procedural  guides  from  the 
many  applications  of  computer  graphics  to  studies 
of    urban    problems    and    land   use   (Shahar    1970). 

MAPS  contains  the  one  machine-dependentoper- 
ation  in  program  TEVAP.  Map  code  numerals  are 
converted  to  display  code  so  blank  areas  of  the 
maps  will  not  be  filled  with  minus  zeros.  Con- 
verted numbers  are  then  printed  with  R  format. 
Program  statements  must  be  modified  if  available 
equipment  uses  a  different  aisplay  code  than  the 
CDC  6400  used  to  test  the  program. 

Two  pages,  types  5  and  6,  are  printed  by  MAPS. 
The  form  of  page  type  5  is  optional,  and  is  speci- 
fied by  the  value  read  initially  for  the  variable 
MAP  (Appendix  3).  Type  and  subcompartment  maps 
and  related  area  totals  may  be  printed,  if  desired. 
Two  pages  are  produced  per  compartment,  one 
with  the  type  map  and  one  with  the  subcompart- 
ment map.  Alternatively,  only  type  and  subcom- 
partment areas  may  be  printed  (MAP  =  0).  Page 
type  6  reports  block  and  working  circle  totals,  and 
has  the  same  format  as  the  equivalent  page  pro- 
duced by  AREAl  and  AREA2  (Appendix  2). 

Following  usual  rules  for  forest  subdivision,  type 
and  subcompartment  boundaries  arecontinually  sub- 
ject to  change  (Chapman  1950).  The  map  file  must 
therefore  be  updated  prior  to  each  computer  run 
with  subroutine  MAPS.  Cultural  operations,  growth 
into  the  next  age  class,  and  fire  or  other  catas- 
trophe create  need  for  recoding. 


Subroutine  AREAl 

Subroutine  AREAl  is  another  of  the  three  alter- 
native routines  that  compute  areas.  It  is  used  if 
compartments  have  been  established  and  if  type 
areas  within  compartments  are  known.  It  is  as- 
sumed that  either  subcompartments  have  not  been 
established,  or  that  compartment  maps  are  not 
available.  AREAl  illustrates  one  possible  situation 
in  the  range  of  degrees  of  administrative  complexity 
between   the   limits   served   by    MAPS   and    AREA2. 

Type  areas  by  compartment— inputs  to  the  sub- 
routine—are summed  to  obtain  total  acres  by  work- 
ing group,  by  block,  and  by  various  other  classi- 
fications and  combinations  thereof.  These  sums 
are  passed  through  COMMON  to  GOT.  COMMENT 
statements  in  theprogram  listing,  AppendixS,  explain 
the  operations  involved. 

AREAl  prints  type  areas  of  each  compartment 
on  one  form  of  type  5  pages  (Appendix  3)  and 
prints  a  type  6  page  to  report  block,  working  group, 
and  working  circle  totals.  The  type  6  page  is  the 
same  as  that  produced  by  MAPS  and  AREA2. 


Subroutine  AREA2 

Subroutine  AREA2  is  the  third  of  the  routines 
used  to  compute  areas  (Appendix  1).  It  is  used  if 
compartments  have  not  been  established,  or  if 
type  areas  within  compartments  are  not  known. 
This  is  the  situation  assumed  for  the  example 
in  Appendix  2.  Type  areas  are  computed 
from  total  production  area,  including  nonstocked, 
and  inventory  information  on  type  16  data  cards. 
Areas  of  nonforest  types  and  of  unregulated  stands 
in  recreation  areas  are  subtracted  from  working 
circle  area  to  get  the  area  available  for  timber 
management.  Stands  of  known  area  are  assigned 
to  the  appropriate  type.  Remainder  of  the  pro- 
duction area  is  allocated  to  forest  types  in  pro- 
portion to  the  number  of  inventory  records  from 
each  type.  These  inventory  records  are  the  same 
records  used  by  subroutine  GOT. 

Type,  working  group,  and  block  areas  ore  re- 
corded on  pages  type  5  and  6  (Appendix  2). 

Subroutine  GOT 

Subroutine  GOT  processes  the  set  of  inventory 
records  (data   card    type    16)  to  obtain  present  and 


future  volumes  and  other  values.  Controlsdescribed 
in  the  following  paragraphs  apply  to  all  computations. 
Inventory  records  have  a  number  in  the  ACRE 
field  if  the  tree  and  site  index  values  are  amounts 
per  acre  averaged  over  a  specific  stand.  The  ACRE 
field  has  a  blank  or  zero  if  the  record  is  for  a 
sample  plot  that  describes  a  portion  of  the 
"unknown"  forest  area.  In  terms  of  recent  National 
Forest  inventories,  the  working  circle  may  be  at 
stage  one  (sampling  the  working  circle),  at  stage 
two  (compartment  analysis),  or  with  parts  of  the 
area  at  each  level. 

Records  are  counted  by  several  classifications 
if  the  ACRE  field  is  blank  or  has  zeros.  Nonzero 
values  of  ACRE  are  added  to  appropriate  area 
totals  and  are  subtracted  from  a  duplicate  array 
of  the  type  areas  computed  by  MAPS,  AREAl,  or 
AREA2.  Type  areas  remaining  in  the  duplicate 
array  after  all  records  are  processed  are  assigned 
to  age  and  site  index  classes  in  proportion  to  the 
number  of  zero-area  records  in  each  class. 

Volume  computations  are  bypassed  for  records 
from:  (1)  deforested  areas,  (2)  areas  below  mini- 
mum site  index  for  management,  (3)  trees  too  young 
or  too  small  to  have  more  than  a  few  merchantable 
cubic  feet  per  acre,  and  (4)  stands  below  minimum 
age  for  inclusion  in  growing  stock  totals.  With  these 
exceptions,  operations  performed  on  individual  in- 
ventory records  produce  the  following  values: 

1 .  Present  basal  areas  and  volumes  per  acre. 

2.  Basal  areas  and  volumes  at  the  end  of  the  plan- 
ning period. 

3.  Growth  expected  during  the  next  planning  period, 
in  cubic  feet  and  board  feet.  Thinnings  are  com- 
puted as  though  done  at  the  beginning  and  end 
of  the  period,  and  average  growth  is  determined. 
It  is  assumed  that  about  equal  areas  will  be 
thinned  each  year  of  the  period. 

4.  Potential  yields  during  the  next  planning  period 
if  all  areas  are  treated  as  specified  by  WORK 
on  the  inventory  records.  fHalf  the  potential 
growth  of  stands  to  be  cut  during  the  period  is 
added  to  potential  yields.  Volumes  are  not  in- 
cluded in  total  yields  if  they  are  less  than  the 
minimum  commercial  cuts  specified  by  values 
of  variables  COMBF(l)  and  COMCU. 

Two  variables  define  time  periods.  TIME  is  the 
nurriber  of  years  in  a  planning  period.  It  is  the 
period  considered  in  assigning  the  WORK  index 
that   identifies   stands   in   need   of  treatment  in  the 
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near  future.  Possible  values  of  WORK  are  defined 
in  Appendix  I.  RINT  is  the  number  of  years  for 
which  the  equations  predict  future  d.b.h.,  height, 
and  stand  density.  TIME  must  be  equal  to  or  a 
multiple  of  RINT. 

Two  sets  of  volume  totals  are  maintained  for 
block,  age,  and  other  subdivisions  until  all  inventory 
records  are  processed.  One  set  reports  volumes 
of  stands  of  known  area.  Volumes  per  acre  are 
multiplied  by  area  to  obtain  stand  volumes  for 
addition  to  the  totals.  The  second  set  reports 
volumes  from  records  with  no  entry  for  area  in 
the  ACRE  field.  Volumes  per  acre  are  summed  for 
each  subdivision  specified  in  the  program.  These 
sums  are  converted  to  totals  for  each  subdivision 
after  all  records  have  been  processed  and  the  area 
represented  by  one  sample  plot  determined. 

Summaries  of  area  and  present  volumes  are 
printed  on  pages  type  7,  8,  and  9.  Working  circle 
totals  are  subdivided  among  block,  type,  and  site 
index  classes.  Many  computed  values  are  not  re- 
ported at  this  point  in  the  program,  but  are  re- 
tained in  COMMON  for  use  by  GOAL  and  GUIDE. 

Inventory  records  used  by  AREA2  and  GOT 
could  be  listed  according  to  value  of  the  WORK 
variable.  This  would  provide  information  on  where 
stands  to  be  treated  during  the  next  management 
period  are  located.  Such  a  list  is  not  made  by 
TEVAP,  but  could  be  produced  by  a  separate  run 
of  the  inventory  records. 

Subroutine  GOAL 

Subroutine  GOAL  computes  the  optimum  con- 
ditions that  would  exist  if  all  stands  were  thinned 
on  schedule  to  the  specified  level,  and  if  a  balanced 
series  of  age  classes  had  been  established.  Values 
needed  to  make  these  computations  come  from 
other  routines.  Management  decisions  based  on 
experience,  results  of  simulations,  and  statements 
of  policy  are  entered  by  BASIS.  Acres  in  each  site 
index  class  of  each  working  group  are  computed 
by  GOT  from  area  data  and  the  inventory  file. 
Most  computations  are  executed  once  for  each 
site  index  class  of  each  working  group.  Major  oper- 
ations, in  the  order  performed  for  a  site  class,  are 
as  follows-. 

l.A  yield  table  that  incorporates  management 
decisions  such  as  frequency  and  intensity  of  thin- 
ning is  printed  as  page  type  10.  Prediction  equa- 
tions used  are  described  in  Appendix  4.    Thinnings 


and  conversion  of  cubic  feet  to  other  units  are 
simulated  by  subroutines  CUTS  and  VOLS, 
described  below.  A  yield  table  for  a  site  class 
of  a  working  group  serves  as  a  "normal"  or 
standard  for  stands  of  that  classification.  It  repre- 
sents the  goal  toward  which  operations  are 
directed.  It  is  possible  to  produce  many  yield 
tables  for  a  site  class,  which  emphasizes  that 
there  cannot  be  a  single  table  for  managed 
stands  of  a  species  and  site  class.  The  term 
"managed"  indicates  that  there  are  additional 
variables  to  be  considered;  one  table  cannot 
account  for  all  the  possibilities.  Each  table  is 
useful  only  where  goals  and  management  decisions 
are  as  specified  for  its  computation. 

Details  of  field  work  and  computations  needed 
to  produce  yield  tables  have  been  published  else- 
where (Myers  1966,  Myers  and  Godsey  1968). 
Much  of  GOAL  from  statement  45  to  statement 
184  is  a  duplication  of  procedures  developed  for 
yield  table  construction.  Recent  changes  and 
generalizations  are  described  in  Appendix  4. 

2.  Volumes  per  acre  at  each  year  of  stand  age  are 
obtained  by  interpolation  between  yield  table 
values.  These  volumes,  in  board  feet  and  cubic 
feet,  are  later  summed  to  obtainoptimum  growing 
stocks.  Results  of  the  interpolations  are  printed 
as  page  type  1  I  to  preserve  them  for  possible 
use  after  the  management  guide  has  been 
produced. 

3.  Mean  annual  increment  at  rotation  age  is  com- 
puted for  each  site  class  of  3ach  working  group. 
If  appropriate,  tree  felling  ages  do  not  equal 
rotation  ages,  but  include  the  effects  of  delays 
in  obtaining  regeneration  and  the  period  seed 
trees  or  a  shelterwood  may  be  left  over  the  new 
crop.  Mean  annual  increments  computed  from 
yield  table  volumes  are  later  used  as  "normal" 
increments  in  application  of  Meyer's  formula: 


E  =  WZ  + 


WV-  NV 


where:       WZ    is  mean    annual   increment,  WV  is 

actual    growing  stock,     NV     is    normal    growing 

stock,    and  a    is  the  adjustment   period    (Burger 
1920). 

4.  GOAL  calculates  the  number  of  acres  and  the 
growing  stock  in  each  age  class  with  a  balanced 
series  of  age  classes.  Area  regulation  is  assumed 
for  these  computations;  ANCUT(I,J)  is  areadivided 
by   rotation   age.     Acres  with  stands  of  zero  age 


are  listed  as  such  if  delays  in  regeneration  ore 
expected  with  clearcut  systems.  Volumes  of  seed 
trees  or  shelterwood  ore  included  in  age  class 
totals  if  these  silviculturol  systems  are  used. 
Overwood  volumes  appear  in  the  age  class  of 
the  overwood  trees  during  periods  of  delay  in 
regeneration.  Overwood  volumes  are  in  the 
youngest  age  classes  after  the  new  crop  appears 
and  before  the  overwood  is  removed.  Tables 
on  pages  type  12  of  Appendix  2  show  examples 
of  working  groups  managed  by  shelterwood  and 
clearcut  systems. 
5.  Annual  cuts  that  might  be  obtained  with  a  bal- 
anced series  of  age  classes  and  optimum  stand 
density  are  computed  for  each  working  group. 
Volumes  from  intermediate,  regeneration,  and 
final  cuts  are  not  combined  into  working  group 
totals  until  GUIDE  is  called. 


Subroutine  GUIDE 

Subroutine  GUIDE  computes  several  variables 
used  in  regulation  of  the  cut,  and  prints  three  types 
of  summary  pages.  Differences  between  actual 
and  optimum  growing  stocks  are  computed  and 
printed  as  part  of  page  type  2.  Acres  and  the 
volumes  that  could  be  obtained  by  thinning,  re- 
generation cutting,  and  other  operations  during  the 
next  management  period  are  summarized.  Sum- 
mary values,  by  block  and  type,  are  printed  as 
page  type  3.  Separate  pages  of  types  2  and  3 
are  printed  for  each  working  group. 

Page  type  1  contains  a  summary  of  computa- 
tions made  by  the  entire  program,  including  a  state- 
ment of  the  allowable  cuts  computed  by  GUIDE. 
As  programed,  page  type  1  contains  only  a  few  of 
the  items  that  could  be  assembled  on  summary 
pages.  It  is  an  example  of  what  can  be  done, 
not  an   attempt   to   provide   a  standardized  format. 

TEVAP  computes  and  reports  three  annual  cuts, 
as  examples  of  what  can  be  done  by  this  or  similar 
programs.    The  types  of  cut  are: 

1.  Idealized  cut  based  on  area  regulation  and  a 
balanced  series  of  age  classes.  Components 
of  this  cut  are  computed  by  GOAL  and  sum- 
marized by  GUIDE. 

2.  Potential  cut  if  all  operations  called  for  by  the 
WORK  index  were  performed,  without  regard  to 
other  restrictions.  Periodic  cuts  are  computed  by 
GOT  and  converted  to  annual  volumes  by  GUIDE. 


3.  Annual  cut  computed  with  a  modification  of  Meyer's 
formula  and  an  adjustment  period  of  ADJ(I)  years. 
Growing    stock    volumes    computed    from    mean 
annual   increment,   as   called   for   by  the  formula 
(Burger  1920),  are  not  used.     Instead,  actual  and 
desired    growing   stocks  computed   by   GOT   and 
GOAL  are   used   by   GUIDE   to  compute  the  de- 
sired values.     Initial  term  of  the  formula  is  mean 
annual    increment    obtained    from    the   idealized 
yield  tables  produced  by  GOAL. 
Convenient    comparisons    of    annual    cuts    pro- 
vided  by   page  type   I    suggest  another  use  of  pro- 
grams  such   as   TEVAP.     They  can  be  used  as  tools 
for  research  on  the  principles  of  allowable  cut  deter- 
mination.      For    example,    quite    dissimilar    results 
would  be  produced  by  various  modifications  of  the 
Heyer  formula.   Periodic  annual  increments,  PAIBD(I) 
and  PAICU(I),  are  computed  by  GOT  for  use  in  such 
comparisons.    Predominance  of  young  stands  in  the 
forest  described  in  Appendix  2  suggests  that  a  rela- 
tively   low   annual   cut,   one   computed   from   mean 
annual     increment,     be    accepted     as    a    guide    to 
management  (Dwight  1965). 


Subroutine  VOLS 

VOLS  is  called  by  GOT  and  GOAL  to  convert 
total  cubic  feet  per  acre  to  other  units.  As  listed 
in  Appendix  1  and  described  in  Appendix  4,  con- 
versions can  be  made  to  cubic  feet  to  a  4-inch 
top  and  to  board  feet  Scribner  Rule.  Other  con- 
versions could  be  added,  such  as  those  based  on 
tree  contents  in  square  feet  of  veneer  or  in  pounds 
of  v/ood  (Myers  1960). 

Conversion  factors  (FCTR  and  PROD)  are  com- 
puted from  average  stand  diameter,  and  are  passed 
through  COMMON  to  the  calling  routine.  They 
are  computed  for  one  species  and  for  one  or  two 
stand  conditions  at  a  time.  Stand  conditions  may 
be  present  and  future  stand,  overstory  and  under- 
story,  or  similar  paired  requirements.  Calls  of 
the  subroutine  by  GOAL  require  that  only  one 
value  of  each  conversion  factor  be  computed  for 
each  CALL  statement.  Each  CALL  VOLS  is  pre- 
ceded by  specification  of  the  number  of  values 
of  each  factor  needed  and  by  the  average  diameter 
to  be  used.  Minimum  average  diameters  are  speci- 
fied for  each  factor;  variability  is  so  great  with 
small  diameters  that  the  results  serve  no  useful 
purpose. 


Subroutine  CUTS 

Subroutine  CUTS  estimates  average  stand  dia- 
meter after  thinning  from  below.  Estimated  dia- 
meter after  thinning  (DBHE)  is  computed  from  dia- 
meter before  thinning  and  the  percentage  of  trees 
to  be  retained  (Appendix  4).  Successive  percentages 
are  tested  until  d.b.h.  after  thinning,  number  of 
trees  retained,  and  residual  basal  area  agree  with 
the  growing  stock  goal  specified  by  TfHIN(l) 
or  DLEV(I).  Each  call  by  GOT  or  GOAL  is  pre- 
ceded by  a  statement  that  specifies  the  thinning 
level  (REST)  to  be  used. 

Growing  stock  levels  specify  the  basal  area  to 
be  left  after  thinning  in  relation  to  average  stand 
diameter  (Appendix  4).  Definition  of  several  levels 
provides  for  alternative  thinning  intensities.  Each 
level  is  named  by  the  basal  area  to  be  left  when 
average  diameter  is  I  0.0  inches  or  larger.  Residual 
basal  area  increases  with  stand  diameter  until  the 
diameter  reaches  10.0  inches.  Thereafter,  basal 
area  remains  constant  for  any  one  stocking  level. 
Subroutine  CUTS  therefore  has  two  iterative  loops 
so  a  full  range  of  diameters,  with  both  variable 
and  constant  basal  area,  may  be  accommodated. 
Limiting  d.b.h.  for  selection  of  loops  is  10.0  inches 
minus  the  smallest  change  expected  from  usual 
thinning  practice. 

DATA  DECK  FOR  TEVAP 

Nineteen  types  of  punch  cords  or  card  images, 
listed  below,  are  used  to  enter  initial  values  of 
variables  into  computer  memory.  In  this  section, 
the  word  "card"  may  refer  either  to  a  standard 
80-column  punch  card  or  to  a  card  image  on  mag- 
netic tape.  Records  that  can  best  be  handled  by 
tape  are  identified  in  the  descriptions  of  the  sub- 
routines. 

In  the  following  list,  type  numbers  with  asterisks 
designate  alternatives  (types  8  to  15,  inclusive). 
Only  two  to  four  of  these  types  need  appear  in  the 
data  deck  for  a  single  run  of  the  program.  Basis 
for  choice  is  the  area  subroutine  (MAPS,  AREAl, 
AREA2)  selected  for  call  by  the  main  program.  All 
cards  with  type  numbers  not  followed  by  asterisks 
must  be  included  in  the  data  deck  so  READ  state- 
ments will  be  executed  properly.  Data  cards  are 
read  in  order  of  type  numbers  except  for  choice 
among  types  8  to  15,  and  repetition  needed 
because  of  number  of  working  groups  and  other 
forest  subdivisions. 


Card  types  I  to  7,  inclusive,  are  read  by  BASIS. 
Types  1 ,  3,  4,  and  7  consist  of  one  card  each;  type 
2  consists  of  three  cards.  One  card  of  type  5  and 
one  card  of  type  6  must  be  provided  for  each  work- 
ing group.  Cards  are  read  in  order  of  type  number, 
with  cards  of  type  5  completed  before  type  6  is 
started;  type  6  is  completed  before  type  7  is  read. 

Subroutine  MAPS,  if  used,  reads  card  types  8 
to  11,  inclusive.  One  card  of  type  8  is  needed  to 
enter  values  that  apply  to  all  compartments.  A 
set  of  cards  for  one  compartment  consists  of  type 
9  (one  card),  type  10  (up  to  36  cards),  and  type 
1  1  (up  to  36  cards).  These  sets  are  read  in  the 
sequence  9,  10,  11,  9,  10,  11,  etc.  until  the  number 
of  sets  or  compartments  (NCMP)  on  card  type  3 
has  been  processed. 

AREAl,  if  used,  reads  card  types  12  and  13. 
A  set  of  cards  for  one  compartment  consists  of 
one  card  of  type  12  and  the  two  cards  that  make 
up  type  13.  Sets  are  read  in  the  sequence  12, 
13,  12,  13,  etc.  until  the  number  of  sets  or  com- 
partments (NCMP)  on  card  type  3  has  been 
processed. 

Subroutine    AREA2,    if    used,    reads   card   types 

14  to  17  inclusive.  First,  one  card  of  type  14  with 
one   to  five  block  areas  is  read.     One  card  of  type 

15  is  then  read  for  each  entry  on  card  type  14. 
Cards  of  type  15  must  be  arranged  in  the  order 
block  1,  block  2,  and  so  forth,  up  to  the  highest 
block  number  needed,  to  match  the  order  in  which 
block  areas  are  punched  on  card  type  14.  All  cards 
or  card  images  of  type  16  are  read  after  reading 
of  card  type   15  is  completed.     This  reading  of  type 

16  is  a  preliminary  count,  and  does  not  substitute 
in  any  way  for  the  reading  of  the  same  data  by 
subroutine  GOT.  Reading  is  terminated  by  a  card 
of  type  17  with  a  zero  or  very  large  value  for  IBK. 

GOT  reads  card  types  16  and  17,  The  number 
of  cards  or  card  images  of  type  16  is  determined 
by  the  number  of  inventory  plots  measured  and/or 
by  the  number  of  subcompartments  for  which  inven- 
tory data  are  known.  To  avoid  counting  of  inven- 
tory records  prior  to  program  execution,  a  record 
(type  17)  with  a  zero  or  very  large  value  for  block 
number  follows  the  type  16  records.  This  terminates 
processing  of  the  inventory  and  moves  control  to 
another  place  in  the  program.  Fields  for  KOMP, 
ISUB,  and  ACRE  on  an  inventory  record  will  be 
blank  when  complete  forest  subdivision  does  not 
exist  or  is  not  used  for  the  record. 


Remaining  cards  in  the  data  deck,  types  18 
and  19,  are  read  by  subroutine  GOAL.  The  se- 
quence is:  (I)  all  type  18  cards  for  the  first  work- 
ing group,  (2)  a  type  19  card,  (3)  all  type  18  cards 
for  the  second  working  group,  and  (4)  another  type 


19  card,  etc.,  until  NWGP  working  groups  have  been 
processed.  Zero  or  very  large  values  for  AGEO 
(type  19)  terminate  each  set  of  type  18,  so  pre- 
liminary knowledge  of  the  number  of  site  classes 
inventoried  is  not  necessary. 


Card 
type 


Read 

by 


No.    of 
cards 


Variable 
name 


Columns 


Format 


Description   of   variable 


BASIS 


BASIS 


FORET(I) 


TYPNM(I) 


1-24 


1-80 


3A8 


8A10 


Name    of    the    forest    or 
working   circle. 

Brief  name    for   each 
vegetative   or   use    type, 


BASIS 


NBK 


1-4 


14 


Number  of  blocks  in 
working  circle.   Must 
be  at  least  one. 


NCMP 


14 


Number  of  compartments 
in  working  circle. 
Leave  blank  for  AREA2. 


NWGP 


9-12       14 


Number  of  working 
groups  in  working 
circle. 


MIN 


13-16      14 


Minimum  age  for  inclu- 
sion of  stand  volume 
in  growing  stock. 


BASIS 


ROTA 


F8.3 


Longest  possible  rota- 
tion to  be  shown  in 
yield  tables. 


CYCL 


RINT 


COMCU 


9-16       F8.3 


17-24       F8.3 


25-32       F8.3 


Years  between  inter- 
mediate cuts. 

Number  of  years  for 
which  the  equations 
predict  growth. 

Minimum  commercial  cut 
per  acre,  hundreds  of 
cu.  ft. 


BFMRCH 


33-40       F8.3 


Minimum  M  bd.  ft.  per 
acre  for  inclusion  in 
growing  stock. 


BASIS 


1  per 

working 

group 


TIME 


GROWB(I) 


GROWC(I) 


FINL(I) 


41-48       F8.3 


1-5 


F5.3 


6-10       F5.3 


11-14       F4.1 


Number  of  years  in 
planning  period. 

Growth  rate  in  percent 
of  bd.  ft.  in  shelter- 
wood,  working  group  I. 

Growth  rate  in  percent 
of  cu.  ft.  in  shelter- 
wood,  working  group  I. 

Years  between  regenera- 
tion cut  and  final  re- 
moval of  shelterwood, 
working  group  I. 
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Card 

type 


Read 

by 


No.  of 
cards 


Variable 
name 


Columns 


Format 


Description  of  variable 


BASIS 


BASIS 


1  per 

working 

group 


8  *     MAPS 


MAPS 


1  per 
comp. 


DLEV(I) 


THIN(I) 


POOR  (I) 


SHELT(I) 


SHWD(I) 


COMBF(I) 


DELAY (I) 


ADJ(I) 


RAGE(I,J) 


DATE (I) 


MAP 


SCALE 


KBK 


KOMP 


NROW 


15-18 


19-22 


23-26 


27-30 


31-34 


35-38 


39-42 


43-46 


1-40 


1-24 


1-4 


5-10 


1-4 


5-6 


9-12 


F4.1 


F4.1 


F4.1 


F4.1 


F4.1 


F4.1 


F4.1 


F4.1 


10F4.0 


3A8 


14 


F6.4 


14 


14 


14 


Growing  stock  level  for 
cuts  after  initial  thin- 
ning, working  group  I. 

Growing  stock  level  for 
initial  thinning,  work- 
ing group  I. 

Minimum  site  index  to 
be  managed  for  timber, 
working  group  I. 

M  bd.  ft.  to  be  left  as 
shelterwood,  working 
group  I. 

Hundreds  of  cu.  ft.  to 
be  left  as  shelterwood, 
working  group  I. 

Minimum  commercial  cut 
in  M  bd.  ft.  per  acre, 
working  group  I. 

Years  between  regenera- 
tion cut  and  regenera- 
tion, working  group  I. 

Length  of  period  of  ad- 
justment in  allowable 
cut  formula,  working 
group  I. 

Rotation  selected  for 
working  group  I  and 
site  index  class  J. 

Date  of  most  recent 
changes  in  data  files. 

Index  to  print  (1)  or 
to  omit  (0)  compart- 
ment maps. 

Acres  represented  by 
one  code  number  on  a 
compartment  map. 

Block  in  which  the  com- 
partment is  located. 

Number  of  the  compart- 
ment being  processed. 

Number  of  rows  of  map 
symbols  in  the  compart- 
ment map. 
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Card 

Read 

No.  of 

Variable 

type 

by 

cards 

name 

Columns 

Format 

10* 

MAPS 

NROW  per 
comp. 

KTYP(I,J) 

1-72 

3612 

11* 

M/VPS 

NROW  per 
comp. 

KSUB(I,J) 

1-72 

3612 

12* 

AREAl 

1  per 
comp. 

KBK 

1-4 

14 

Description  of  variable 


13* 


14 


15 


16 


KOMP 


5-8 


14 


Type  numbers  in  com- 
partment type  map. 

Subcompartment  numbers 
in  map  of  subcompart- 
ments . 

Block  in  which  the  com- 
partment is  located. 

Number  of  the  compart- 
ment being  processed. 


AREAl 

2  per 
comp. 

ARETY(I) 

1-80 

10F8 . 1 

Acres  of  type  I  in  the 
compartment  being  pro- 
cessed. 

AREA2 

1 

ARBK(I) 

1-40 

5F8.1 

Acres  in  block  I. 

AREA2 

1  per 
block 

SARETY(I,J) 

1-64 

8F8.1 

Acres  of  nontimber  type 
J  in  block  I. 

AREA2 

1  per 

IBK 

1-2 

12 

Block  number.   Must  be 

GOT 

plot  or 
subcomp. 

at  least  1  block  in 
working  circle. 

KOMP 


ISUB 


QTRl 


QTR2 


SECT 


TOWN 


3-6 


7-9 


10-12 


13-15 


16-18 


19-22 


14 


13 


A3 


A3 


A3 


A4 


Compartment  number. 
Enter  only  if  applicable, 

Subcompartment  number. 
Enter  only  if  applicable. 

Location  in  ^  ^  of  pub- 
lic land  survey.   Replace 
columns  10-26  with  other 
location  data,  where 
appropriate. 

Location  in  ^  section 
of  public  land  survey. 

Section  in  which  inven- 
tory plot  or  largest  part 
of  compartment  is  located. 

Township  location  of  the 
section. 


RANG 


23-26 


A4 


Range  location  of  the 
section. 


SITE 


27-30 


F4.0 


Average  site  index  of 
the  plot  or  subcompart- 
ment. 


STRY 


31-32       F2.0        Indicates  whether  type 

is  based  on  overstory 
(blank)  or  on  under- 
story  (1). 
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Card 
type 


Read 

bv 


No.  of 
cards 


Variable 
name 


Columns      Format 


Description  of  variable 


17 


18 


AREA2 
GOT 

GOAL 


1  per 
site 
c  lass 
in  a 
working 
group 


19 


GOAL 


I  per 

working 

group 


NTYP 

WORK 

DBH(l) 
HT(1) 

DEN(l) 
AGE(l) 
DBH(2) 
HT(2) 

DEN(2) 
AGE(2) 
ACRE 

WHEN 


33-35 


36-38 


39-42 


43-45 


46-50 


51-54 


55-58 


59-61 


62-66       F5.0 


67-70       F4.0 


71-75 


76-80 


13  Vegetative  or  use  type 

of  the  plot  or  subcom- 
partment . 

F3.0        Code  number  of  treatment 
needed  during  planning 
period . 

F4.1        Average  d.b.h.  of  the 
overstory  trees. 

F3.0        Average  height  of 

dominant  and  codominant 
overstory  trees. 

F5.0        Number  of  overstory 
trees  per  acre. 

F4.0        Average  age  of  over- 
story trees. 

F4.1        Average  d.b.h.  of  the 
understory  trees. 

F3.0        Average  height  of 

potential  dominants  and 
codominants  in  the  under- 
story. 

Number  of  understory 
trees  per  acre. 

Average  age  of  under- 
story trees. 

F5.1        Area  of  the  subcompart- 
ment  described.   Leave 
blank  if  data  refer  to 
plot,  not  stand,  data. 

F5.0        Year  of  first  growing 
season  after  inventory 
was  made . 


(Very  large  or  zero  value  of  IBK  in 
reading  of  type  16  records.) 


first  2  columns  to  stop 


AGEO 


1-5 


DENO 


DBHO 


6-10 


11-15 


F5.1        Initial  age  in  yield 
table  for  the  site 
c  lass . 


F5.1        Number  of  trees  per 
acre  expected  before 
thinning  at  age  AGEO. 

F5.1        Average  stand  d.b.h.  at 
age  AGEO  with  density 
DENO. 


(First  5  columns  blank  or  with  number  larger  than  ROTA  to 
clear  cards  of  type  18^) 
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APPENDIX  1 
Listing  of  Program  TEVAP 


P^^OGMAM  Tl^VfiP  C 

II  INPUT,  OUIPUI.T«PE5=INPUT,TAPE6  =  OUTPUT,TAPF'.-T4Pe5,TAPE3  =  TAPF"il  C 

C 

tfFI'JIIlClNS  rf  V4RIABLES.  C 

C 

*BF4GII,JI  =  ACTUAL  (.RnwlNG  STOCK  IN  M  BH.  FT.  FOR  WORKING  GROUP  I  C 

ANP  AGC  CLASS  J.  C 

ACriARII)  =  DEFORfSIEU  ACRES  IN  DLHCK  I.  C 

ACF'^ILI  I  ,  JiKl  =  ACRES  TU  RECEIVE  FINAL  CUT  DURING  NEXT  PERIOD  -  C 

WORKING  GROUP  I.  SLOCK  J,  AGE  CLASS  K.  C 

AClNTin  =  ACRES  RECFIVING  INTERMEDIATE  CUT  ANNUALLY  IN  BALANCED  C 

FORcST,  WORKING  GROUP  1.  C 

ACRE  =  AREA  (IF  THE  STAND  DESCRIBED  BV  THE  INVENTORY  RECORD,  IF  C 

KNOWN.  BLANK  INDICATES  RECORD  APPLIES  TC  SAMPLE  PLOT.  C 

ACRGNI  I, J,K  1  =  ACRES  TO  RECEIVE  REGENERATION  CUT  DURING  NEXT  C 

PfRIDD  -  WORKING  GROUP  I,  BLOCK  J,  AGE  CLASS  K.  C 

ACS1(I,J,KI  =  ACRES  OF  WORKING  GROUP  I,  BLOCK  J,  SITE  CLASS  K.  C 

ACSPIUJ)  =  ACRES  OF  WORKING  GROUP  I   IN  BLOCK  J.  C 

ADJIII  =  YEARS  IN  ADJUSTMENT  PERIOD,  WORKING  GROUP  I.  C 

AGEIII  -     AVERAGE  AGE  OF  OVERS  TOR Y I  I  =  I  1  OR  UNUERSTOR Y I  I =i ) .  C 

AGED  =  INITIAL  AGE  IN  YIELD  TABLE.  C 

ALLCFII.JI  =  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I,  SITE  CLASS  J.  C 

CUBIC  FEET  OF  ENTIRE  STANDS  TO  ROTATION  AGE.  C 

ALOWCIU  =  ALLOWADIE  ANNUAL  CUT  IN  HUNDREDS  OF  CU.  FT.,  BASED  UN  c 

ACTUAL  AND  DESIRED  GROWING  STOCKS  OF  WORKING  GROUP  I.  C 

ALWEFIIl  =  ALLOWABLE  ANNUAL  CUT  IN  M  BD.  FT.,  BASED  ON  ACTUAL  AND  C 

DESIRED  GROWING  STOCKS  OF  WORKING  GROUP  I.  C 

AMCA.,{I,J1  =  ACTUAL  GROWING  STOCK  IN  HUNDREDS  OF  CU.  FT.  FOR  C 

WORKING  GROUP  I  AND  AGE  CLASS  J.  C 

4N6DFII)  =  W  SO.  FT.  PER  ACRE  AT  F NO  OF  EACH  YEAR.  C 

ANCUTII.JI  =  AREA  /  ROTATION  FOR  WORKING  GROUP  I,  SITE  CLASS  J.  C 

ANCUVMI  =  CU.  FT.  STANDING  PER  ACRE  AT  END  OF  EACH  YEAR.  C 

ANNAC  =  TOTAL  ACRES  TO  BE  TREATED  ANNUALLY  DURING  NEXT  PERIOD.  C 

ANNBU  =  EXPECTED  TOTAL  ANNUAL  YIELD  DURING  NEXT  PERIOD  IN  f     BD.  FT.  c 

ANNCU  =  EXPECTED  TOTAL  ANNUAL  YIELD  DURING  NEXT  PERIOD  IN  CU.  FT.  c 

ARBKIll  =  AREA  OF  BLOCK  I.  C 

AREAII.JI  -  AREA  OF  SITE  CLASS  J  OCCUPIED  BY  WORKING  GROUP  I.  C 

INCLUDES  SHARE  OF  DEFORESTED  AREA.  C 

ARECP  =  TOTAL  AREA  OF  COMPARTMENT.  C 

ARESCIII  =  ACRES  IN  SUBCOMP AR TMENT  I.  C 

AKFTYIII  =  ACRES  OF  TYPE  I  IN  ONE  COMPARTMENT.  C 

BARE  =  DEFORESTED  ACRES  IN  A  COMPARTMENT.  C 

3ARSIII,JI  =  DEFORESTED  ACRES  OF  SITE  J  IN  BLOCK  I.  C 

BASIII  =  BASAL  ARFA  OF  OVER  STORY  I  I = 1  I  OR  UNDE R STOR Y I  I =2  I .  C 

BASC  =  BASAL  AREA  REMOVED  PER  ACRE.  C 

BASO  =  BASAL  AREA  PER  ACRE  BEFORE  THINNING.  C 

BAST  =  BASAL  AREA  PER  ACRE  AFTER  THINNING.  C 

BCAI  =  H.J.I.   IN  M  BD.  FT.  FROM  YIELD  TABLE.  C 

BOFCIII  =  M  60.  FT.  REMOVED  PER  ACRE.  C 

BCFOI n  =  M  BO.  FT.  PER  ACRE  BEFORE  THINNING.  C 

PCETIII  =  M  BD.  FT.  PER  ACRE  AFTER  THINNING.  C 

BDMAIIII  =  M.A.I.  IN  M  BD.  FT.  FROM  YIELO  TABLE  AND  ACRES  IN  SITE  C 

CLASS,  WORKING  GROUP  I.  C 

BFAGEI1,JI  =  GROWING  STOCK  GOAL  IN  M  BO.  FT.  FOR  WORKING  GROUP  I  C 

AND  AGE  CLASS  J.  C 

BFBLKII)  =  M  BD.  FT.   IN  BLOCK  1.  C 

BFINTIIl  -    M  BD.  FT.  FROM  INTERMEDIATE  CUTS  ANNUALLY  IN  BALANCED  C 

FOREST,  WORKING  GROUP  I.  C 

BFMIII  =  M  BO.  FT.  IN  OVER S TOR Y I  I  =  1 1  OR  IN  UNOERSTORY I  1 =2  I .  C 

8FMRCH  =  MINIMUM  VOLUME  TO  BE  INCLUDED  IN  BD.  FT.  GROWING  STOCK.  C 

BFSIII  =  GROWING  STOCK  GOAL  BY  AGE  CLASS  I  FCR  ONE  SITE  CLASS  OF  C 

WORKING  CIRCLE,  M  BD.  FT.  C 

BFSPII,JI  '    M  BD.  FT.  OF  WORKING  GROUP  1   IN  BLOCK  J.  C 

BFTBII.J)  =  M  BD.  FT.   IN  TYPE  J  OF  BLOCK  I.  C 

BETHII.Jl  =  CURRENT  POTENTIAL  PERIODIC  YIELD  FROM  THINNINGS  IN  C 

BLOCK  I  AND  TYPE  J,  M  BO.  FT.  C 

BFVOL  =  M  BD.  FT.  PER  ACRE  MINUS  VOLUME  LEFT  AS  SEED  SOURCE.  C 

CFAGEII,JI  =  GROWING  STOCK  GOAL  IN  MERCHANTABLE  CUBIC  FEET  FCR  C 

WORKING  GROUP  I  AND  AGE  CLASS  J.  C 

CFAI  =  M.A.I.  IN  HUNDREDS  OF  CU.  FT.  FROM  YIELD  TABLE.  C 

CFBF1I,JI  =  GROWING  STOCK  GOAL  FOR  WORKING  GRCUP  I,  SITE  CLASS  J.  C 

CUBIC  FEET  IN  SAWLOG  TREES.  C 

CFMCII)  =  MERCHANTABLE  CU.  FT.  REMOVED  PER  ACRE.  C 

CFMERIII  =  MERCH.  CU.  FT.  IN  BLOCK  I,   IN  HUNDREDS.  C 

FT.  PER  ACRE  BEFORE  THINNING.  C 

FT.  PER  ACRE  AFTER  THINNING.  C 

IN  TYPE  J  OF  BLOCK  I,  IN  HUNDREDS.  C 

CFVOL  =  CU.  FT.  PER  ACRE  MINUS  VOLUME  LEFT  AS  SEED  SOURCE.  C 

CMIll  -  HUNDREDS  OF  MERCH.  CU.  FT.  IN  OVERSTORY ( I = I)  OR  IN  C 

UNOERSTORYI 1=21.  C 

CMSIII  =  GROWING  STOCK  GOAL  BY  AGE  CLASS  I  FOR  ONE  SITE  CLASS  OF  C 

WORKING  CIRCLE,  HUNDREDS  OF  CU.  FT.  C 

CMSPII,J)  =  MERCH.  CU.  FT.  OF  WORKING  GROUP  1  IN  BLOCK  J.  C 

CMTB(I,J1  =  HUNDREDS  OF  MERCH.  CU.  FT.  IN  TYPE  J  OF  BLOCK  I.  C 

CMTHII,JI  '    CURRENT  POTENTIAL  PERIODIC  YIELD  FROM  THINNINGS  IN  C 

BLOCK  I  AND  TYPE  J,  HUNDREDS  OF  CUBIC  FEET.  C 

COMBFIl)  =  MINIMUM  COMMERCIAL  CUT  OF  WORKING  GROUP  I   IN  M  BO.  FT.  C 

COMCU  -     MINIMUM  COMMERCIAL  CUT  IN  CU.  FT.  C 

CUINTII)  =  CU.  FT.  FROM  INTERMEDIATE  CUTS  ANNUALLY  IN  BALANCED  C 

FOREST,  WORKING  GROUP  I.  C 

CUMAKII  =  H.A.I.  IN  HUNDREDS  OF  CU.  FT.  FROM  YIELD  TABLE  AND  ACRES  C 

IN  SITE  CLASS,  WORKING  GROUP  I.  C 

CUTA(I,J)  =  POTENTIAL  BD.  FT.  VOLUME,  LESS  SHELTERWOOD,  AVAILABLE  C 

FROM  REGENERATION  CUTS  -  BLOCK  I,  TIMBER  TYPE  J.  C 

CUT6II,JI  =  POTENTIAL  BD.  FT.  VOLUME  AVAILABLE  FROM  REMOVAL  CF  C 

OVERWCOD  -  BLOCK  I,  TIMBER  TYPE  J.  C 

CVRIII  =  NUMBER  OF  MAP  SQUARES  IN  TYPE  I.  C 

CYCL  =  INTERVAL  BETWEEN  INTERMEDIATE  CUTS.  C 

DATE  =  DATE  OF  MOST  RECENT  CHANGES  IN  INVENTORY  OR  OTHER  DATA.  C 

DBHIll  =  AVERAGE  D.B.H.  OF  OVE RSTOR Y I  I  =  I  I  OR  UNDE.  STOR Y ( I  =  2 ) .  C 

AVE.IAGE  STAND  D.B.H.  BEFORE  THINNING.  C 

AVERAGE  STAND  D.B.H.  AFTER  THINNING.  C 

DELAYIIl  =  YEARS  DELAY  BETWEEN  REGENERATICN  CUT  AND  ESTABLISHMENT  C 

OF  NEW  STAND,  WORKING  GROUP  I.  C 

DENin  =  TREES  PER  ACRE  IN  OVER  S  TORY  I  1  =  I  I  OR  UNDERSTORY  (  I  =  2  1  .  C 

DENC  =  TREES  REMOVED  PER  ACRE.  C 


CFMOIIl  =  MERCHANTABLE  CU. 
CFMTIIl  =  MERCHANTABLE  CU. 
CFTBI I ,JI  =  TOTAL  CU.  FT. 


CENO  =  TREES  PER  ACRE  BEFORE  THINNING. 

DENT  =  TREES  PER  ACRE  AFTER  THINNING. 

DF3FII,JI  =  DIFFERENCE  BETWEEN  ACTUAL  STOCK  AND  GOAL  IN  M  BD.  FT. 

FOR  WORKING  GROUP  I  AND  AGE  CLASS  J. 
DFMCII.JI  =  DIFFERENCE  BETWEEN  ACTUAL  STOCK  AND  GOAL  IN  HUNDREDS 

OF  CU.  FT.  FOR  WORKING  GROUP  I  AND  AGE  CLASS  J. 
DLtVIII  =  GROWING  STOCK  LEVEL  FOR  THINNINGS  AFTER  INITIAL  CUT, 

WORKING  GROUP  I. 
ECIVIII  =  ACRES  PER  STANDARD  ACRE,  SITE  CLASS  I  -  FROM  BOARD  FEET. 
ECVCFIII  =  ACRES  PER  STANDARD  ACRE,  SITE  CLASS  I  -  FRO"  CUBIC  FEFT. 
FACIII  =  RATIO  OF  YIELD  OF  SITE  CLASS  I  TC  STANDARD  YIELD,  BCTH 

IN  BOARD  FEET. 
FACCFIII  =  RATIO  OF  YIELD  OF  SITE  CLASS  I  TC  STANDARD  YIELD,  BOTH 

IN  CUBIC  FEET. 


FPAI  I  I 

FBDI  I  I  »  FUTURE 

FCTRI  I  1 

FCMI  I  1 

FDNI  I  I 


FUTURE  BASAL  AREA  OF 
.  FT. 


STORY 


(11  PR  UNDERSTORY  (21. 
IN  OVERSTORY  111  OR  UNDERSTORY  121. 
MERCHANTABLE  CU.  FT.  PER  TOTAL  CU.  FT.  -  FACTOR. 
FUTURE  AVERAGE  D.B.H.  GF  OVERSTORYIIl  OR  UNDERSTORY  (21. 
FUTURE  TREES  PER  ACRE  IN  OVERSTORYIIl  OR  UNDERSTORY  121. 


DBHO 
DBHT 


FHTIIl  =  FUTURE  AVE.  HEIGHT  OF  OVERSTORY  111  OR  UNDERSTORY  121. 
FINBIIl  =  EXPECTED  ANNUAL  YIELD  IN  M  BO.  FT.  FROM  FINAL  CUTS 

DURING  NEXT  PERIOD,  WORKING  GROUP  I. 
FlNCIIl  =  EXPECTED  ANNUAL  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  DURING 

NEXT  PERIOD,  WORKING  GRCUP  I. 
FIMLIII  =  YEARS  BETWEEN  REPRODUCTION  CUT  AND  REMOVAL  OF  OVERWCOD, 

WORKING  GROUP  I.  INCLUDES  DELAYIIl,  IF  ANY. 
FMCIII  =  FUTURE  MERCH.  CU.  FT.  IN  OVERSTORY  (II  CR  UNDERSTORY ( 2 1 . 
FNACIll  =  EXPECTED  ACRES  TO  RECEIVE  FINAL  CUTS  ANNUALLY  DURING 

NEXT  PERIOD,  WORKING  GRCUP  I. 
FNBDIIl  =  ANNUAL  YIELD  FROM  FINAL  CUTS  WITH  BALANCED  SERIES  OF  AGE 

CLASSES,  M  BD.  FT.  OF  WORKING  GROUP  1. 
FNCUIIl  =  ANNUAL  YIELD  FROM  FINAL  CUTS  WITH  BALANCED  SERIES  OF  AGE 

CLASSES,  CU.  FT.  OF  WORKING  GROUP  I. 
FORETIIl  =  NAME  OF  FOREST  OR  WORKING  CIRCLE. 

FVLIIl  =  FUTURE  TOTAL  VOLUME  OF  OVERSTORYIIl  OR  UNDERSTORY  121. 
GRBDII,J,K)  =  PERIODIC  GROWTH  OF  WORKING  GROUP  I,  BLOCK  J,  AND  AGE 

CLASS  K  IN  M  BD.  FT. 
GRMCII,J,K1  =  PERIODIC  GROWTH  OF  WORKING  GRCUP  I,  BLOCK  J,  AND  AGE 

CLASS  K  IN  HUNDREDS  OF  MERCH.  CU.  FT. 
GR0W6II1  =  GROWTH  RATE  OF  SHELTERWCOD,  WORKING  GRCUP  1,  BO.  FT.  IN 

PCT. 
GROWCIII  =  GROWTH  RATE  OF  SHFLTERWCOD,  WORKING  GROUP  I,  CU.  FT.  IN 

PCT. 
GRUPIll  =  AREA  OF  WORKING  GROUP  I   IN  A  CCMPARTMFNT. 

GVLBFIIl  =  TOTAL  GROWING  STOCK  GOAL  FOR  WCRK 1 NG  GROUP  I,  M  BC.  FT. 
GVLCUIIl  =  TOTAL  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I,  CU.  FT. 

SUM  OF  APPROPRIATE  SUDCFII,J1  FOR  SUO-SAWLOG  TREES. 
HELPII.Jl  =  POTENTIAL  NONCOMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES 

OF  TYPE  J  IN  BLCCK  I. 
HTIII  =  AVERAGE  HEIGHT  OF  0 VER STOR Y I  I  =  1  I  OR  UNDER S TOR Y I  1  =  2  1  . 
HTSU  =  TREE  HEIGHT  BEFORE  THINNING. 
HTST  =  TREE  HEIGHT  AFTER  THINNING. 
IPK  =  BLOCK  SOURCE  OF  INVENTORY  RECORD. 
ISUB  -     SUBCOMPARIMENT  SOURCE  OF  INVENTORY  RECORD. 
KBK  =  BLOCK  NUMBER. 
KCMP  =  COMPARTMENT  NUMBER. 

KSUB(I,JI  =  SUBCOMPAOTMENT  NUMBERS  OF  MAP  SOGARES. 
KTYPII,JI  =  TYPE  CLASSIFICATION  OF  M/P  SQUARES. 
MAP  =  INDEX  TO  PRINT  III  OR  OMIT  101  ^APS. 

MIN  =  MINIMUM  AGE  FOR  STAND  TO  BE  INCLUDED  IN  GROWING  STOCK. 
MNK  =  TEMPORARY  VARIABLE,  ASSIGNED  MEANINGS  AS  NEEDED. 
NPK  =  NUMBER  OF  BLOCKS  IN  WORKING  CIRCLE.  MUST  BE  AT  LEAST  ONE. 
NCMP  =  NUMBER  OF  COMPARTMENTS  IN  WORKING  CIRCLE. 
NROW  =  NUMBER  OF  ROWS  IN  COMPARTMENT  MAP. 
NSBKIIl  =  NUMBER  OF  SUBCOMP AR TME NT S  IN  BLCCK  1. 
NSIIll  =  NUMBER  OF  SITE  CLASSES  IN  WORKING  GROUP  1. 
NSUB  =  NUMBER  OF  SUBCOMPART "ENTS  IN  WORKING  CIRCLE. 
NTYP  =  COVER  OR  USE  TYPE  OF   INVENTORY  PLOT  OR  SUBCOMPARIMENT. 
NWGP  =  NUMBER  OF  WORKING  GROUPS  IN  WORKING  CIRCLE. 
OPBDIII  =  ALLOWABLE  ANNUAL  CUT  IN  M  BD.  FT.  FOR  WORKING  GROUP  I 

WITH  BALANCED  AGE  CLASSES,  REGENERATION  CUTS. 
OPCUIIl  =  ALLOWABLE  ANNUAL  CUT  IN  CU.  FT.  FOR  WORKING  GRCUP  I  WITH 

BALANCED  AGE  CLASSES,  REGENERATION  CUTS. 
0PENII,J1  =  POTENTIAL  COMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES  OF 

TYPE  J  IN  BLOCK  I. 
OURS  =  ACRES  IN  WORKING  CIRCLE,  EXCLUDING  OTHER  OWNERSHIP. 
PABRIIl  =  DEFORESTED  ACRES  IN  BLlXK  I,  EXCLUDING  UNITS  WITH  KNOWN 

AREA  ON  INVENTORY  RECORD. 
PAFNII,J,K1  -     ACRES  TO  RECEIVE  FINAL  CUT  -  WORKING  GROUP  I,  BLOCK 

J,  AGE  CLASS  K  -  EXCLUDES  AREAS  ON  INVENTORY  RECORD. 
PAIBDIll  =  P.A.I.  IN  M  BD.  FT.,  WORKING  GRCUP  I. 

PAICUIIl  =  P.A.I.  IN  HUNDREDS  OF  CUBIC  FEET,  WORKING  GROUP  I. 
PARGI1,J,K1  =  ACRES  TO  RECEIVE  REGENERATICN  CUT  -  WORKING  GROUP  I, 

BLOCK  J,  AGE  CLASS  K  -  EXCLUDES  KNOWN  AREAS. 
PARTYINJl  =  AREA  OF  TYPE  J  IN  BLOCK  I,  EXCLUDING  UNITS  WITH  KNOWN 

AREA  ON  INVENTORY  RECORD. 
PASIII,J,K1  =  ACRES  OF  WORKING  GROUP  I,  BLOCK  J,  AND  SITE  CLASS  K, 

EXCLUDING  KNOWN  AREAS. 
PASPII,JI  =  AREA  OF  WORKING  GROUP  I  IN  BLCCK  J,  EXCLUDING  UNITS 

WITH  KNOWN  AREA  ON  INVENTORY  RECORD. 
PBFI(I,JI  =  POTENTIAL  YIELD  IN  M  BD.  FT.  FROM  THINNINGS  -  CLCCK  I, 

TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PRRSIIUJI  =  OEFORFSTFD  ACRES  OF  SITE  J  IN  BLOCK  I,  EXCLUDING 

UNITS  WITH  KNOWN  ARFA  ON  INVENTORY  RECORD. 
PCMTIUJI  =  POTENTIAL  YIELD  IN  MERCH.  CU.  FT.  FROM  THINNINGS  - 

BLOCK  I,  TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PCTAII.Jl  -    POTENTIAL  BD.  FT.  CUT  FROM  REGENERATICN  CUTS-  BLCCK  I, 

TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PCTBII.Jl  =  POTENTIAL  BD.  FT.  CUT  FROM  FINAL  CUTS  -  BLCCK  I,  TYPE 

J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PCCFNII.Jl  -     EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  DURING  NEXT 

PERIOD,  BLOCK  I,  TYPE  J. 
PCCFRII.Jl  =  EXPECTED  YIELD  IN  CU.  FT.  FRCM  REGENERATION  CUTS  NEXT 

PERIOD,  BLOCK  I,  TYPE  J. 
PCCUTIIl  =  ACRES  IN  AGE  CLASS  WITH  BALANCED  SERIES  OF  AGE  CLASSES. 
PGBDII,J,K1  =  PERIODIC  GROWTH  IN  M  BD.  FT.  WORKING  GROUP  I,  BLOCK 


C             J,  ACe  CLASS  K,  EXCIUOING  UNITS  CF  K^CW^  AREA.  C  WtlUKlNG  CIRCLL. 

C  PGHC(I.J>KI  =  PERIODIC  GROHIM  IN  WFRCH.  CU.  FI.  WORKING  CROUP  I,  C  Sill-  =  SITF  INCF«. 

C             BLOCK  J,  AGF  CLASS  K,  EXCLUDING  UNITS  Of  KNOHN  AREA.  (.  SLANL  =  TGIAL  ACBFS  IN  WCRKINt,  CIRCLE. 

C  PHLPII.Jl  =  POTENTIAL  NONCOMKLRC I AL  IHINNING  IN  NEXT  PERICr,  ACRES  (  SLVG(1,JI  =  HC.  FT.  VCLUMt  TO  BE  SALVAGEU,  BICCR  I.  TYPE  J. 

C             OF  TYPE  J  IN  BLOCK  I.  RECORDS  WITH  AREA  =  0.0,  ONLY.  f  SfC  I  11  =  MUNDRIDS  OF  CUBIC  FFfT  IIF  HCIRKINC  G«('UP  I   IN  WORKING 

C  POORIll  =  HINIHUH  SITE  I NOE X  FOR  CANAGENCNT,  WORKING  CROUP  I.  f  CIRCIF. 

C  POPNII.JI  »  POTENTIAL  COKNERCIAL  THINNING  IN  NEXT  PEOICD,  ACRES  OF  c  SMI>L  =  ACRES  OF  TYPE  J  OF  BLOCK  I  REPRESENTED  BY  ONE  INVENTORY  PLOT. 

C             TYPE  J  IN  BLOCK  I.  RECORDS  WITH  AREA  =  0.0,  ONLY.  C  SWSPIll  =  AREA  OF  WORKING  OROUI'  I   IN  WORKING  CIRCLE. 

C  PPBFII.J.KI  =  TOTAL  VOLUME  IN  H  6D.  FT.  FCR  WORKING  GRCUP  I.  BLOCK  r  SrPII.Jl  =  POTFNTIAL  COMMERCIAL  IHINNING  IN  NEXT  PERICD,  WCRKING 

C             J.  AGE  CLASS  K.  EXCLUDES  UNITS  OF  KNCWN  ARFA.  C  GROUP  I   IN  BLOCK  J. 

C  PPCRII.JI  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  REGENERATION  CUTS  -  C  SOPTAIII  =  TOTAL  ALLOWABLE  CUT  IN  ACRES  FPU  ONE  YEAR  IN  BALANCED 

C             BLOCK  1,  TYPE  J  -  EXCLUDING  UNITS  OF  KNCWN  AREA.  C  WORKING  GROUP  I. 

C  PPFNII.JI  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  -  BLOCK  I,  C  SOPTHIII  =  TOTAL  M  BD.  FT.  CUT  IN  ONF  YEAR  WITH  A  BALANCED  SERIES 

C             TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA.  C  OF  AGF  ClASSESi  WORKING  GROUP  I. 

C  PPMCII.JiKI  =  TOTAL  VOLUME  IN  MERCH.  CU.  FT.  FOR  WORKING  GROUP  I,  C  SOPTCIII  =  TOTAL  CU.  FT.  CUT  IN  ONE  YEAR  WIIH  A  BALANCED  SERIES  OF 

C             BLOCK  J,  AND  AGE  CLASS  K.  EXCLUDES  KNOWN  AREAS.  L  ACE  CLASSES,  WORKING  GROUP  I. 

C  PPTCII.J.KI  »  SUM  OF  TOTAL  CU.  FT.  FOR  WORKING  GROUP  I,  BLOCK  J,  C  SPLTIl.JI  =  NUMBER  OF  INVENTORY  PLOTS  KtPRESFNTINC  TIMBER 

C            AGE  CLASS  K.  EXCLUDES  UNITS  OF  KNOWN  AREA.  C  TYPE  J  OF  BLOCK  I. 

C  PRET  I  PERCENTAGE  OF  TREES  RETAINED  AFTER  INITIAL  THINNING.  C  SSLII.JI  =  00.  FT.  FROM  SALVAGE  NEXT  PERICn,  WORKING  GROUP  I, 

C  PROOIII  =  BOARD  FEET  PER  TOTAL  CUBIC  FCOI  -  CONVERSION  FACTOR.  C  BLOCK  J. 

C  PS(I,J,KI  =  NUMBER  OF  INVENTORY  PLOTS  OF  WORKING  GROUP  I,  BLOCK  J,  C  SSPI  =  TOTAL  OF  INVENTORY  PLOTS  IN  WORKING  CIRCLE. 

C             AND  SITE  CLASS  K.  C  SSTAC  =  AREA  OF  WORKING  CIRCLE  IN  STANDARD  ACRES  FROM  BOARD  FEET. 

C  PSLVII.JI  =  BO.  FT.  VOLUME  TO  BE  SALVAGED  -  BLOCK  I,  TYPE  J  -  C  STACEIIl  =  AREA  OF  SITE  CLASS  I   IN  STANDARD  ACRES  -  FROM  CU.  FEET. 

C             EXCLUDING  UNITS  OF  KNOWN  AREA.  C  STBSIII  =  BD.  FT.  FROM  THINNINGS  DURING  NEXT  PERIOD,  TYPE  I. 

C  PSPLTIl.JI  •  NUMBER  OF  INVENTORY  PLOTS  OF  BLOCK  I  AND  TYPE  J.  NOT  C  STCIll  =  TOTAL  CU.  FT.  OF  WORKING  GROUP  1   IN  WORKING  CIHCLF. 

C             INCLUDING  UNITS  OF  KNOWN  AREA.  C  STCF  =  TOTAL  CU.  FT.  IN  WORKING  CIRCLE,  IN  HUNDREDS. 

C  PTBFII,J,K)  =  TOTAL  VOLUME  IN  M  BO.  FT.  FOR  WORKING  GRCUP  I,  BLOCK  C  STDACIII  =  AREA  OF  SITE  CLASS  I  IN  STANDARD  ACRES  -  FROM  BD.  FEET. 

C             J,  AND  AGE  CLASS  K.  C  STFOIIl  =  HU.  FT.  FROM  FINAL  CUTS  DURING  NEXT  PERIOD,  TYPE  I. 

C  PTCUII.J.K)  =  SUM  OF  TOTAL  CU.  FT.  FDR  WORKING  GROUP  I.  BLOCK  J,  C  STHBF  =  CURRENT  POTENTIAL  PERIODIC  YIELD  FROM  THINNINGS,  TOTAL  FOR 

C             AND  AGE  CLASS  K.  IN  HUNDREDS  OF  CU.  FT.  C  WORKING  CIRCLE   IN  M  BD.  FT. 

C  PTMC(I,J.K)  .  TOTAL  VOLUME  IN  MERCH.  CU.  FT.  FOR  WORKING  GROUP  I,  C  STHCM  =  CURRENT  POTENTIAL  PERIODIC  YIELD  FROM  THINNINGS,  TOTAL  FOR 

C             BLOCK  J,  AND  ACE  CLASS  K.  IN  HUNDREDS  OF  CU.  FT.  C  WORKING  CIRCLE  IN  HUNDREDS  OF  CUBIC  FEET. 

C  PUNCII.JI  '     AREA  OF  BLOCK  I,  TYPE  J  BELOW  MINIMUM  SITE  QUALITY  C  STHPIll  =  POTENTIAL  NONCOMMERCIAL  THINNING  IN  NEXT  PERICO,  ACRES 

C             FOR  REGULATION,  EXCLUDING  UNITS  OF  KNOWN  AREA.  C  OF  TYPE  I. 

C  aUALIII  =  SITE  CLASSES  PRESENT  IN  WORKING  GROUP  I.  C  STHRII)  =  OD.  FT.  FROM  REGENERATION  CUTS  DURING  NEXT  PERIOD,  TYPE  I. 

C  RACEII,JI  -    ROTATION  FOR  WORKING  GROUP  I  AND  SITE  INDEX  J.  C  STLVIII  =  RO.  FT.  FROM  SALVAGE  DURING  NEXT  PERIOD,  TYPE  1. 

C             INCLUDES  YEARS  IN  OELAYII).  C  STNCIII  =  CU.  FT.  FROM  THINNING  DURING  NEXT  PERIOD,  TYPE  I. 

C  RGACIII  =  EXPECTED  ACRES  GIVEN  RECENERATICN  CUTS  AKNUALLY  DURING  C  SIllNIII  =  POTENTIAL  COMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES  OF 

C            NEXT  PERIOD,  WORKING  GROUP  I.  C  TYPE  I. 

C  RGBOIII  -  EXPECTED  ANNUAL  YIELD  IN  M  BD.  FT.  FROM  REGENERATION  C  STRY  =  STAND  COMPONENT  USED  TO  TYPE  THE  STAND.  ENTER  1  IF  THE 

C            CUTS  DURING  NEXT  PERIOD,  WORKING  GRCUP  I.  C  UNDERSTORY  WAS  USED.  OTHERWISE  LEAVF  BLANK. 

C  RGCU(I)  =  EXPECTED  ANNUAL  YIELD  IN  CU.  FT.  FROM  REGENERATION  CUTS  C  STYPIll  =  ACRES  OF  TYPE  1  IN  WORKING  CIRCLE. 

C             DURING  NEXT  PERIOD,  WORKING  GROUP  I.  C  SUBBFIUJI  =  GROWING  STOCK  GOAL  FOR  WORKING  GRCUP  I,  SITE  CLASS  J. 

C  RINT  =  NUMBER  OF  YEARS  FOR  WHICH  GROWTH  PROJECTION  IS  MADE  WITH  C  M  BO.  FT.  IN  SAWLOG  TREES. 

C             SINGLE  COMPUTATION  BY  A  GROWTH  EQUATION.  C  SUBCFII.JI  =  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I,  SITE  CLASS  J. 

C  ROTA  -  LONGEST  POSSIBLE  ROTATION  IN  YIELD  TABLE.  C  CUBIC  FEET  IN  TREES  BELCW  SAWLOG  SIZE. 

C  SACCF  -     AREA  OF  WORKING  CIRCLE  IN  STANDARD  ACRES,  FROM  CU.  FT.  C  SUBTYIII  -  TYPE  OF  SLOCOMPAR TMEN T  I. 

C  SAHPIII  =  POTENTIAL  NONCOMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES  C  SUHCFIII  =  TOTAL  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I   IN  MERCH. 

C             IN  WORKING  CROUP  I.  C  CU.  FT.  SUM  OF  APPROPRIATE  ALLCFII,JI  FCR  ENTIRE  STANDS. 

C  SANCUTIII  '  ALLOWABLE  ANNUAL  CUT  IN  ACRES,  WORKING  GRCUP  I.  C  SUNC  =  TOTAL  LOW  SITE  ACRES  IN  WORKING  CIRCLE. 

C  SARETYII.Jl  =  AREA  OF  TYPE  J  IN  BLOCK  I.  C  TBAIII  =  BASAL  AREA  AFTER  THINNING  TO  SPECIFIED  LEVEL  NOW  (1=11  OR 

C  SARSC  =  TOTAL  AREA  OF  SUBCOMPARTMENTS  OF  A  COMPARTMENT.  C  IN  TIME  YEARS  11=21. 

C  SARSPIIl  =  TOTAL  AREA  OF  WORKING  GROUP  I,  INCLUDING  SHARE  OF  C  TBDIll  =  M  BD.  FT.  AFTER  THINNING  TO  SPECIFIED  LEVEL  NOW  11=11  OR 

C             DEFORESTED  AREA.  C  IN  TIME  YEARS  (1=21. 

C  SATHIIl  =  POTENTIAL  COMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES  IN  C  TCFIII  =  TOTAL  CUBIC  FEET  IN  BLOCK  I. 

C             WORKING  CROUP  I.  C  TCMIII  =  HUNDREDS  OF  CU.  FT.  AFTER  THINNING  TC  SPECIFIED  LEVEL  NOW 

C  SBARB  =  TOTAL  BRUSHY  DEFORESTED  ACRES  IN  WORKING  CIRCLE.  C  11=11  OR  IN  TIME  YEARS  11=2). 

C  SBARE  =  TOTAL  DEFORESTED  ACRES  IN  WORKING  CIRCLE.  C  TCSP(I,J1  =  TOTAL  CU.  FT.  OF  WORKING  GROUP  I  IN  SLOCK  J. 

C  SBARG  =  TOTAL  GRASSY  DEFORESTED  ACRES  IN  WORKING  CIRCLE.  C  TOMIII  =  AVERAGE  D.B.H.  AFTER  THINNING  TC  SPECIFIED  LEVEL  NOW 

C  SBDF  =  M  BD.  FT.   IN  WORKING  CIRCLE.  C  11=11  OR  IN  TIME  YEARS  11=2). 

C  SBFIII  =  TOTAL  M  BD.  FT.  IN  WORKING  GROUP  1.  C  TFM  =  TEMPORARY  VARIABLE,  ASSIGNED  MEANINGS  AS  NEEDED. 

C  SBFRIl)  =  BD.  FT.  FROM  THINNINGS  NEXT  PERIOD,  WORKING  GROUP  I.  C  THACIll  =  POSSIBLE  ACRES  TO  THIN  ANNUALLY  DURING  NEXT  PERIOD, 

C  SBHIIl  =  BD.  FT.  FROM  REGENERATION  CUTS  DURING  NEXT  PERIOD,  C  WORKING  GROUP  I. 

C             WORKING  GROUP  I.  C  ThB  =  AVERAGE  POTENTIAL  VOLUME  FROM  THINNING,  M  BD.  FT. 

C  SBMII.J)  =  BD.  FT.  FROM  THINNING  DURING  NEXT  PERIOD,  WORKING  GROUP  C  THBOIII  =  EXPECTED  ANNUAL  YIELD  IN  H  BD.  FT.  FROM  THINNINGS  CURING 

C            I,  BLOCK  J.  C  NEXT  PERIOD,  WORKING  GROUP  I. 

C  SPSV(I)  =  BD.  FT.  FROM  SALVAGE  NEXT  PERIOD,  WORKING  GRCUP  I.  C  THC  =  AVERAGE  POTFNTIAL  VOLUME  FROM  THINNING,  HUNDREDS  OF  CU.  FT. 

C  SCAII.Jl  =  BD.  FT.  FROM  REGENERATION  CUTS  DURING  NEXT  PERIOD,  C  THCUIIl  =  EXPECTED  ANNUAL  YIELD  IN  CU.  FT.  FROM  THINNINGS  DURING 

C            WORKING  GROUP  I,  BLOCK  J.  C  NEXT  PERIOD,  WORKING  GROUP  1. 

C  SCALE  =  ACRES  IN  ONE  MAP  SQUARE.  C  THINII)  =  CROWING  STOCK  LEVEL,  INITIAL  THINNING,  WORKING  GROUP  1. 

C  SCB(I,JI  =  BD.  FT.  FROM  FINAL  CUTS  NEXT  PERIOD,  WORKING  GRCUP  I,  C  TIME  =  NUMBER  OF  YEARS  IN  PLANNING  PERIOD.  BASIS  FOR  WORK  INDEX. 

C             BLOCK  J.  C  TMPR  =  TCTAL  TIMBERED  AREA  IN  WORKING  CIRCLE. 

C  SCFM  =  HUNDREDS  OF  MERCH.  CU.  FT.  IN  WORKING  CIRCLE.  C  TMPO  =  TOTAL  AREA  OF  FOREST  TYPES  IN  WORKING  CIRCLE,  INCLUDING 

C  SCNIIl  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  DURING  NEXT  C  NONSTOCKED  TYPES. 

C            PERIOD,  WORKING  GROUP  I.  C  lOTIll  =  TOTAL  CUBIC  FEET  IN  OVE R S TOR Y ( 1  =  1  I  OR  UNDERS TORY ( I  =  2 1  . 

C  SCNB(I,J)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  DURING  NEXT  C  TOTAC(I)  =  TOTAL  ACRES  EXPECTED  TO  BE  TREATED  IN  ONE  YEAR  DURING 

C            PERIOD,  WORKING  CROUP  I,  BLCCK  J.  C  NEXT  PERIOD,  WORKING  GROUP  I. 

C  SCNTII)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  DURING  NEXT  C  TOTBDIIl  =  EXPECTED  TOTAL  ANNUAL  YIELD  IN  M  BO.  FT.  DURING  NEXT 

C            PERIOD,  TYPE  I.  C  PERIOD,  WORKING  GROUP  I. 

C  SCRlll  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  REGENERATION  CUTS  CURING  C  TOTC  =  TOTAL  CUBIC  FEET  REMOVED  PER  ACRE. 

C             NEXT  PERIOD,  WORKING  GROUP  I.  C  TOTCU(I)  =  EXPECTED  TOTAL  ANNUAL  YIELD  IN  CU.  FT.  DURING  NEXT 

C  SCRB(I,J1  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  RECENERATICN  CUTS  C  PERIOD,  WORKING  GROUP  I. 

C             DURING  NEXT  PERIOD,  WORKING  GROUP  I,  BLOCK  J.  C  TOTO  =  TOTAL  CUBIC  FEET  PER  ACRE  BEFORE  THINNING. 

C  SCRKIl  =  EXPECTED  YIELD  IN  CU.  FI.  FROM  REGENERATION  CUTS  DURING  C  TCTT  =  TOTAL  CUBIC  FEET  PER  ACRE  AFTER  THINNING. 

C             NEXT  PERIOD,  TYPE  I.  C  TPBIl.Jl  =  NUMBER  OF  INVENTORY  PLOTS,  WORKING  GROUP  I,  BLOCK  J. 

C  SCUII.JI  =  CU.  FT.  FROM  THINNING  NEXT  PERIOD,  WORKING  GRCUP  1,  C  TVLlll  =  TOTAL  CU.  FT.  AFTER  THINNING  TO  SPECIFIED  LEVEL  NOW  11=11 

C             BLOCK  J.  C  OR  IN  TIME  YEARS  (1=2). 

C  SCUR(I1  =  CU.  FT.  FROM  THINNING  NEXT  PERIOD,  WORKING  CROUP  I.  C  TYPNMIII  =  DESCRIPTION  OF  VEGETATIVE  TYPE  OR  USE  TYPE  NUMBER  I. 

C  SCBF(I)  =  TOTAL  DIFFERENCE  BETWEEN  ACTUAL  AND  COAL  GROWING  STOCKS  C  UNCMLII,J1  =  AREA  OF  BLOCK  I  AND  TIMBER  TYPE  J  BELOW  MINIMUM 

C             IN  M  BD.  FT.  FOR  WORKING  CROUP  1.  C  SITE  QUALITY  FOR  TIMBER  MANAGEMENT  AND  REGULATION. 

C  SOMCCIl  =  TOTAL  DIFFERENCE  BETWEEN  ACTUAL  AND  GOAL  GROWING  STOCK  C  UN  I T (  I  1  =  NUMBER  OF  MAP  SQUARES  IN  SUBCOMPAR TMENT  I. 

C             IN  HUNDREDS  OF  CU.  FT.  FOR  WORKING  CROUP  I.  C  VLBFIIl  =  VOLUME  IN  M  BD.  FT.  CUT  FROM  SITE  I. 

C  SFNLII)  =  ACRES  FOR  FINAL  CUT  ANNUALLY  WITH  OVERwOOD  AND  BALANCED  C  VLCUIII  =  VOLUME  IN  CU.  FT.  CUT  FROM  SHE  I. 

C             DISTRIBUTION  OF  ACE  CLASSES,  WORKING  GROUP  1.  C  WHEN  =  YEAR  OF  FIRST  CROWING  SEASON  AFTER  INVENTORY  WAS  MADE. 

C  SFRIIl  =  BD.  FT.  FROM  FINAL  CUTS,  NEXT  PERIOD,  WORKING  GRCUP  I.  C  WORK  =  CODE  FOR  TREATMENT  IN  NEXT  PERIOD,  ASO 

C  SHELTIII  =  M  BD.  FT.  PER  ACRE  OF  WORKING  CROUP  I  TO  BE  LEFT  AS  C  0  =  DO  NOTHING  THIS  PERIOD 

C           SEED  SOURCE.  C  1  =  PLANT  OR  SEED 

C  SHI(I,J1  =  POTENTIAL  NONCOMMERCIAL  IHINNING  IN  NEXT  PERIOD,  C  2  =  IHIN 

C             WORKING  GROUP  I   IN  BLOCK  J.  C  1  =  SALVAGE 

C  SHWDIll  =  CU.  FI.  PER  ACRE  RETAINED  AS  SEED  TREES  OR  SHELTERWOOD,  C  <.  =  REGENERATION  CUT 

C            WORKING  GROUP  I.  C  5  =  REMOVE  SEED  TREES  OR  SHELTERWCOD 

C  SIDLA  =  TOTAL  ALLOWABLE  CUT  IN  ACRES  FOR  CNE  YEAR  IN  A  BALANCED  C  6  =  REMOVE  OVERWOOD  AND  THIN  RESIDUAL 

C  WORKING  CIRCLE.  C 

C  SIOLB  =  TOTAL  ALLOWABLE  CUT  IN  M  BO.  FT.  FOR  ONE  YEAR  IN  A  COMMON  ABF AG (  3 , 1 5  1  , ACBAR I  5 ) , ACS  I  ( 3 , 5 , 1 0 1  ■  AC SP ( 1 ,  S )  , AL LCF ( 3 , 1 0  I , AMC 

C             BALANCED  WORKING  CIRCLE.  1  AG  I  3 , 1 5 ) > ANCUT I  3 > I  0  I , ARBK I  5 ) , ARE  A  I  3, 10 1 , B AR S I  I S ,  10  )  , BE  AGE  I  3 , 1 S I , BE 

C  SIOLC  =  TOTAL  ALLOWABLE  CUT  IN  CU.  FT.  FOR  ONE  YEAR  IN  A  BALANCED  2TH(  5 , 1 2 1 . Bf HRCH, C F AGE  I  3,  1 S 1  ,C FBF  I  3  ,  1 0 )  ,CM TH ( 5 , I  2  I  , COMBF ( 3 1  ,CCMCU .C 


CFDFl I,JI  =  0.0 

SUEOFI  1, Jl  =  0.0 

SUBCF(  I, J  1  =  0.0 

h 

CCNT INUE 

DC  7  1=1,3 

UC  7  J=l,  15 

AeFAGt I.J)  =  0.0 

A^■C4GI  1.  J  1  =  CO 

BFAr,e(  1 ,  J 1  =  0.0 

7 

CFAGEI  I  ,  J  )  =  CO 

or  8  1=1,5 

DO  8  J=l,  12 

[^FTHl  1  ,  J  1  =  0.0 

CFTHl  I , J  1  =  0.0 

CUTK  1  ,  J  1  =  0.0 

CUIB(  1 , J  1  =  0.0 

HFLPl  1 , J  1  =  0.0 

nPENl  I , J  1  =  0.0 

PCCFNI I , Jl  =  0.0 

PCCFHI  1  ,  J  1  =  CO 

SLV&I  I , J  1  =  0.0 

n 

CnNTlNUE 

or  9  1=1,2 

BAI n  =  0.0 

FCTRl 1 1  =  0.0 

PROOl 11  =  0.0 

vcHi n   =0.0 

9 

c 

C  R6«C 

Cri^T  INUE 

INITIAL  VALUES  OF 

3UTA(5. 12I,CUTBI5.12).CVCL.OATE(31,DLEV131,FINL13),FO«ET13I,GR80(3, 

AS,  15I>GRMCI3,5,  151.GI>DWB(  3)  ,GR0WC(3I  ,GVLBF(3I,GVLCUI31,^'1N,^|CK,NC« 

5P,NSBK(51,NSH3l,NSUB,OPEN15,12l  .POOR  I3I.PRET.RAGEI3.10  1.RINI.ROTA 

6,SARETYI5.20I.SAPSP(3).5e»RB.SPARE.SBARG.SBFI3l,SHELTI31  , SHWC  13) .S 

7L»NO.SLVG(5.12).SHCI3I.SHSP13).SIVP120).StBBH3.10I.SUDCFI3.lO).SU 

8MCF(3).THlN(3),THBR,TMP0,rYPNM120),0ELAV13),ACFNL13,5,15),ACRGNn, 

'35,l5),TIME,POCFR(5,UI,PDCFNI5.12I.OPCU13).FNru(3).CUlNT(3).ACINT( 

13).FNBOI3).BFlNTI3).OPBD(3I.TEM.MNK.KNO.FCTRI2).PROD12).KAK.VDfl?) 

2.A0JI 3) . ALOWCI 3).ALWBF(3).8DMAI13).CUMAI13).P41BD13).PA1CU13),CBH0 

3,OENO.REST.OBHT,eAST,NWGP,HELP(5,12l.eAI21 
C 

CALL  BASIS 
C 

C  CALL  APPROPRIATE  ROUTINE  TO  COMPUTE  AREAS. 
C 

CALL  AREA2 
C 

C  COMPUTE  PRESENT  VOLUMES,  FUTURE  GROWTH,  ETC.  FROM  INVENTORY  DATA. 
C 

CALL  GOT 
C 

C  COMPUTE  GROWING  STOCK  GOALS  AND  AREA  CONTROL. 
C 

CALL  GOAL 
C 

C  DETERMINE  DIFFERENCES  BETWEEN  PRESENT  FOREST  AND  GOALS.  PRINT  A 
C  GUIDE  TO  MANAGEMENT. 
C 

CALL  GUIDE 
CALL  EXIT 

END  C 

SUBROUTINE  BASIS  «""  I  5  .  1  <.  )  I  FOR  E  T  (  1  )  .  I  =  1  ,  3  ) 

C  1<.  FORMAT  (3A8) 

C  TO  INITIALIZE  OR  READ  VARIABLES  THAT  APPLY  TO  THE  WORKING  CIRCLE.  '"^*''  15.161  I  T  YPNM I  I  )  .  I  =  1  ,  20 ) 

C  16  FORMAT  (8A10) 

COMMON  ABFAGI  3,  151  .ACBAR  15)  .ACSl  13,5.10)  .ACSPI3.5)  ,ALLCF(  3.  10)  .AMC  """'f  15.181  NBK  .  NCMP  .  NWGP  .  M  1  N 

1AGI3,15)  ■ANCUTI3,  10)  .  ARBK(51  .AREA!  3.  10)  .BARS!  15.  10)  .BFAGEO,  15)  .BF  1"  FCRMAT  I 'i  I 'i  ) 

2THI5.12),BFMRCH.CFAGEI3.15),CFBF(3.10).CHTHI5.121,C0MBFI3  1,C0MCU,C  "f^D  15,20)  ROT  A , C YCL .R I  NT . COMCU . BFMRCH . T I  ME 

3UTAI 5.  12I.CUTBI 5.12)  .CYCL,DATEI3I  .DLEVI  3)  .FINL 13)  .FORETI 31 ,GR8DI 3,  ^0  FORMAT  I6F8.31 

'■5,15).GRMCI3.5.15l,GROWB13).GROWC(3).GVLBFI3).&VLCU(3).MIN.NBK.NCM  "E'^D  (5.23  1  GROWB  (  I  1  ,  GROWC  I  1  )  ,  F  I  NL  I  I  )  .  OLE  V  (  1  )  .  THI  N  (  1  )  ,  POOR  I  1  )  ,  SHEL 

5P.NSBK15I.NSI(3).NSUB.0PENI5.12)  .POOR  I  3)  ,PRET,RAGE I3,10I,R1NT,R0TA  lTll),SHWDIll,COMBF(ll,nELAYIl),ADJ(l) 

6,SARETY(  5.20)  .SARSPI  3)  ,SBARB,S6ARE,SBARG.SflFI3)  .SHELTI3)  ,SHWC(3I  ,S  ^'  FCRMAT  I  2F  5  .  3  .  9F  <|.  1  I 

7LAND.SL"GI5.  1  2  I  .  SMC ( 3  )  . SMSP  I  3 ) . S T YP ( 20  I . SUBBF I  3 , 1 0 1 . SUBC F ( 3 . 1 0  I . SU  "EAD  15,23)  GROWB I  2 ) . GROWC I  2 ) , F I NL I  2 ) . OLE  V  I  2 ) . TH I N I  2 ) . POOR  (  2 )  .  SHEL 

8MCFI 3)  .THINI 3  l.TMBR. TMPO. T YPNM I  20 ) .OELAYI3),ACFNLI3,5,15>,ACRGNI3,  1T(2I,SHWDI2),C0MBFI2),DELAY(2),ADJI2) 

'55,15),TIME,PDCFR(5.12).P0CFNI5,12)  .OPCUI  3I.FNCUI3),CUINT(3),ACINT1       "^ 

131,FNBD! 3).BFINT(3),OPBO(3I.TEM,MNK,KN0.FCTR12) .PR00(2) .KAK.VDMI2)      ^  READ  ROTATION  LENGTHS.  ENTER  RAGEIKAK.ll  FOR  SITE  INDEX  10,  RAGE(KAK,2) 

2,ADJI3),ALOWCI3),ALWBF(3),60MAI(3),CUMAII3).PA1BDI3).PA1CUI3),DBHO      C  FOR  SITE  INDEX  20.  ETC.,  EVEN  THOUGH  SITES  BELOW  POORIKAKl  WILL  NOT  BE 

3,CEN0,REST,DBHT,BAST,NWGP,HELPI5, 12) ,BA(2)  C  MANAGED.  THIS  KEEPS  ARRAYS  IN  ORDER  EVEN  IF  PCORIKAKI  VARIES  BY 

C  C  WORKING  GROUP. 

C  INITIALIZE  VARIABLES  APPLICABLE  TO  THE  WORKING  CIRCLE.  '^ 

C  READ  15,2'.)  (RAGEI  1.  I  )  .  1  =  1  .  10) 

MNK  =  0  2'.  FORMAT  (  10F<,.0) 

NSUB  =  0  "E'C  (5,2<il  IRAGE(2,1  ),  1  =  1,  10) 

SBARB  =  0.0  RE'D  I  5  ,  1  <.  I  I  DATE  (  1  I  ,  1  =  1 ,  3  I 

SBARE  =  0.0  C 

S6ARG  =  0.0  C  PRINT  PAGE  TYPE  '<    -  RECORD  OF  VALUES  READ  BY  THIS  ROUTINE. 

SL4ND  =  0.0  1^ 

TEM  =  0.0  WRITE  16, 3<)) 

TMBR  =  0.0  '"^  FORMAT  I  1  H  I ,  / // ,  6  1  X  ,  1  IHPAGE  TYPE  4  1 

TMPO  =  o!o  WRITE  16, AC) 

DC  1  1  =  1.5  '•0  FCRMAT  I  IHO.  3')X .  53HR  ECORO  OF  MANAGEMENT  DECISIONS  AND  CURRENT  COND 

ACBABI  I )  =  0.0  1  "  IONS ) 

ARRK(l)  =  0.0  WRITE  I  6  . 'i  1  )   I  FORE  T  I  1  )  .  I  =  1  .  3  I 

NSeK(l)  =  0  '■1  FORMAT  IIH  ,56X,3A8,//) 

DC  1  J=l,20  WRITE  16, '•21  NBK, NCMP 

1  SARETYI1,J)  =  0.0  '2  FORMAT  (IH  ,  1  OX .  1 SHNUMBER  OF  BLOCKS  -  ,  I  3  ,  32X  ,  2<.HNUMBER  OF  COMPARTM 
DC  2  1  =  1,20  lENTS  -,  I'll 

2  STYPII)  =  0.0  WRITE  16, ',3)  MIN,CYCL 

OC  3  1  =  1,3  "iS  FORMAT  (  IHO,  lOX  ,  3  1  HM  1  N  I  MUM  AGE  FOR  GROWING  STOCK  -  .  I  3  ,  19X  ,  32HLENGT 

4CINTIII  =  0.0  IFI  OF  CUTTING  CYCLE,  YEARS  -.F5.0) 

ALOWCII)  =  0.0  WRITE  16.'.'.)  BFMRCH. RINT 

ALWBF(I)  =  CO  '•'•  FORMAT  I  IHO.  lOX .  37HM I N I  MUM  M  60.  FT.  FOR  GROWING  STOCK  -,F5.1,11X, 

BCM4I1II  =  0.0  136HLENGTH  OF  PREDICTION  PERIOD,  YEARS  -,F',.01 

BFINTI  I  )  =  0.0  WRITE  I  6 , 4 5 )  TIME 

CUINTII)  =  0.0  '•5  FORMAT  (  IHO,  lOX ,  3'.HLENGTH  OF  PLANNING  PERIOD.  YEARS  -.ft.O,/) 

CUM4II  II  =  0.0  WRITE  (6, ',6) 

fNPDII)  =  0.0  '•''  FORMAT  I  IHO.  58X  ,  AHP  I  NE  ,  lOX  ,  6HSPBUCE  I 

FNCUI  I  I  =  0.0  WRITE  16, '.71 

OPBDIII  =  0.0  ^'  FORMAT  (IH  , 58X , 5HGR0UP , 9X , 5HGR0UP ) 

OPCUIll  =  0.0  WRITE  (6, ',81  POOR  I  1  I  ,  POOR  I  2  1 

PAIBDII)  =  CO  '•8  FORMAT  1  IHO  ,  1  OX  ,  3  1  HLOWE  ST  SITE  CLASS  TO  BE  MANAGED  ,  1  i-X  ,  F7  .  I  ,  8X  ,  F  7  . 


PAICUI  I  I 


1  1  ) 


DC  3  J=l,5  WRITE  (6,'i9)  AD  J  I  1  )  ,  AD  J  (  2  ) 

4CSPII.J1  =  0.0  <,■)  FORMAT  I  IHO  ,  1  OX  ,  3'iHLENGTH  OF  ADJUSTMENT  PERIOD,  YE  4R  5  ,  1  1  X  ,  F  7  .  1  .  8X  . 

DC  3  K=l,10  1F7.1) 

ACSIII.J.KI  =  CO  WRITE  16,50)  SHEL  I  1  1  1  ,  SHE  L  T  I  2  ) 

DC  «  1=1.3  50  FORMAT  I IHO , lOX , 35HM  BD.  FT.  TO  BE  LEFT  AS  SEED  SOURCE . lOX , F 7 . 1 , RX 

DC  ",  J=l,5  1,F7.  II 

DC  A  K=l,15  WRITE  16,511  SHWD I  1 1 , SHWD ( 2  I 

ACFNLI1,J,KI  =  0.0  51  FORMAT  I IHO, lOX , 33HCU .  FT.  TO  BE  LEFT  AS  SEED  SOURCE  ,  1 2X  ,  F7 . 1  ,  8X , F 

ACRGNI  I , J,K)  =  0.0  17.1  1 

GRBDI1,J,K)  =  CO  WRITE  16.531  F  INL  I  I  I  .  F  INL  I  2  I 

GRMCII.J.K)  =  0.0  53  FORMAT  I  IHO,  lOX , 38HYE ARS  TO  LEAVE  OVERWOOD  AS  SEED  SOURCE , 7 X , F 7 .  1  , 

DC  5  1  =  1,5  1BX,F7.  1  ) 

DC  5  J=l,10  WRITE  16,551  DEL  AY  I  1  I , DEL  AY  I  2 1 

BARSIIUJI  =  CO  55  FORMAT  I  IHO,  lOX  ,  3  7HEXPEC  TED  DELAY  IN  REGENERATION,  YEARS  ,  8X  ,  F  7.  1 ,  8 

00  6  1=1,3  IX,F7.1 ) 

GVLBFIIl  =  CO  WRITE  16.571  GROWB  I  1  1  .GROWB  I  2  I 

GVLCUII)  =  0.0  57  FORMAT  I IHO, lOX . 38H8D.  FT.  GROWTH  OF  SHELTERWCCD.  PE RCENT , 7X , F8 . 2 . 

NSI I  1  1  =  0  17X.F8.2I 

SARSPII)  =  0.0  WRITE  (6.581  GROWC I  1 1 .GROWC I  2 1 

SUMCF(l)  =  CO  58  FORMAT  I  IHO,  lOX .  38HCU .  FT.  GROWTH  OF  SHELTERWCOD,  PERCENT  ,  7X  ,  F8 . 2 , 

SBFI 1 1  =  0.0  17X,F8.21 

SMCIll  =  CO  WRITE  (6,601  TH  I  N  1  1  )  ,  TH  I  N  (  2  ) 

SMSP(I)  =  0.0  60  FORMAT  (  IHO , 1  OX , 35HST0CK I NG  LEVEL  FOR  INITIAL  THI NM NG , lOX , F 7. 1 . 8X 

00  6  J=l, 10  1,F7.1  ) 

AILCFII.J)  =  0.0  WRITE  16,611  OLE  V  I  1  I , OLEV ( 2  I 

ANCUT(I,J)  =  0.0  61  FORMAT  I IHO. lOX . 36HST0CK I NG  LEVEL,  SUBSEOUENT  TH I NN I NGS ,9X , F 7. 1 , 3X 

AREA!  I  ,  J  I  =  CO  1,F7.1  1 


WHITE     (6,631     COM0F(  1  )  ,CnMeF(2l 
61     FCRM4I     (  IHC. 10X,?5HMINIMUM    COfKeRCUL     CUI,     f     BD.     F T . , 1 2X , f 7 .  1 , 8X , F 
17.11 

HRiie    I6,64i   concu,cnh>cu 

64     F0«H4T     1  IHO,  lOX,  11HMINIHUH    r.O^'MERCl«L     CUI,     CU.     F  T  .  ,  1  4  X  ,  F  7  .  1  ,  B  X  ,  F  7  . 
1  1  1 
WHITE     16,701 
70     FORMAT     I  IHO , /  /  ,  1  1 X , 2 2hCUB I C     FEET     IN    HUNOREDSI 
RETURN 
END 

SUHROUT INe     aREa2 
C 

C     TO    CONPUIE     TYPF     SRFAS     WHEN    COMPSRTHENI     AREAS     ARE     NOT     KNOWN. 
L 

CCCHON  »l'FAGI1,l'il,ACeAR('il,ACSin,5,10),ACSPll,'il,»LLCF{3,10l,ANC 
1AG13,15  1,ANCUT13,101,ARBKI5I,AREA13,10I,BARSI1S,10I,BFAGE13,15I,BF 
2THI5,  12  1  ,BFMRCH,CFSGE  O,15l,CFBFn,10l,CMTH15,12l  ,COMBF  1  31  ,COMCU,C 
3UTA(5,12l,CUTB15,121,CVCl.,DAT£111,DLEV(3l,FIM131,FORET(31,GRRO(3, 
'.5.15),GRHCI3,5,15l,&ROWBI3I.GROHCI3l,GVLBF13l,GVLCU13l,MIN,N8K,NCM 
5l',NSBK(5),NSI(3l,NSUB,nPEN15,12l  ,PCOR  131  ,PRET,RAGE  I3,101,K1NT,R0TA 
6,SARETT(5,20l,SARSP13l,SBARe,SBAPE,SBARG,SRFI3l,SHELT(31,SHHCI31,S 
7LAND,SLVGI5,12  1,SMCI3  1,SHSP13l,STVPI201,bUBBFI3,10l,SUBCFI3,10l,SU 
8MCF131.THlN(3l,TM6R,THPO,TYPNI'120l,OELAV(3l,aCFNL13,5,15l,ACttGN13, 
95,15l,TII'E.PDCFR15,12l,PDCFNI5,12l,OPCUI3l,FNCU(31,CUINT(31,0CINTl 
13  1,FNBC131,BFINT13l,QPBOI31,T6M,MNK,KNO.FCTR12l,PROD(2l,KAK,VOMI2l 
2,A0JI  3  1  ,  ALOHCI  31,aLWBFI31,BO^'»I13l,CU^AI(3l,PAIBD131,PAlCUI3l  ,08H0 
3,nENO,REST,OBHT,BAST,NHGP,HElP(5,12l  ,BA12I 

c 

DIMENSION  SPL{5l,SPLTI5,121,TMTVI51.DRH12l,HTI2  1,DENI2l,aGE121 
C 

C  INITIALIZE  VARIABLES  DEFINED  BY  THIS  SUBROUTINE. 
C 

OP  2  1=1,5 

SPLI  I  1  =  0.0 

I^'TYi  I  I  =  O.C 

DO  2  J=l, 12 
2  SPLTI I,JI  =  0.0 

TMPO  =  0.0 
C 

C  READ  AREAS  OF  BLOCKS  AND  OF  NON-TIMBER  TYPES. 
C 

READ  15,51  I ARBKI I  I  , I  =  1,NBK  1 

5  FORMAT  (5F8.11 
or  7  1  =  1, NBK 

READ  15,61  1  SARETYl  1,  Jl, J  =  13,20l 

6  FORMAT  I BFe. 1 1 

7  CONTINUE 
C 

C  COMPUTE  TOTAL  AREAS  OCCUPIED  BY  TIMBER  TYPES. 
C 

DC  11  1=1, NBK 
TEM  =  0.0 
DC  10  J=13,20 
10  TEM  =  TEM  1  SARETYl I , J  I 
TMTYI  I  I  =  ARBKI  1  )  -  TEM 
1  1  TMPO  =  TMPO  •  TMTYI  I  I 


DC  33  J=1,NWGP 

SMSPIJl  =  SMSPIJ  I  »  ACSPI J,  1  1 

CC'JT  INUE 


C  READ  INVENTORY  RECORDS  TO  COUNT  THEM  BY  BLOCK,  TYPE,  ETC.  LAST 
C  RECORD  HAS  ZERO  OR  VERY  LARGE  VALUE  FOR  IBK  TC  STOP  PRCCESSIN&. 
C  LOGICAL  UNIT  <>  HOLDS  THE  INVENTORY  TAPE. 
C 

15  READ  14,161  IBK, KOMP, ISUB,QTR1,0TR2, SECT, TOWN, RANG, SI TE,SrRY,NTYP, 
1WCRK,DBHI1I,HTI1),DENI1I,AGEI1I,DBHI2  1,HTI2I,DENI2  1 , AGE ( 2  I ,ACRE,WH 
2EN 

16  FORMAT  II2,I',,I3,3A3,2A<,,F4.0,F2.0,I3,F3.0,F'..1,F3.0,F5.0,F<..0,F4. 
ll,F3.O,F5.0,F<..0,F5.1,F5.0) 

IFIIBK  .EO.  0  -OR.  IBK  .GT.  NBK I  GO  TO  20 

IFIACRE  .60.  0.01  GO  TO  17 

SARETYl  IBK, NTYPl  =  SARETY I  I BK , NT YP 1  ♦  ACRE 

TMTYIIBK)  =  TMTYIIBKI  -  ACRE 

GO  TO  15 

17  SPLTI  IBK, NTYPl  =  SPL T  I  I BK , NTYP  I  ♦  l.O 
GC  TO  15 

C 

C  TOTAL  PLOTS  BY  BLOCK. 

C 

20  DC  21  1=1, NBK 
DC  21  J=l, 12 

21  SPLI  I  1  =  SPLI  I  I  »  SPLTI I, Jl 


C  COMPUTE  TYPE  AREAS  WITHIN  EACH  BLOCK. 
C 

DO  26  1=1, NBK 

IFISPLI I  I  -EO.  0.01  GO  TO  26 

TEM  =  THTYI  II  /  SPLI  1  I 

DO  25  J=l, 12 

SARETYII.Jl     =     SARETYIUJl     »     ISPLTII,J1     •     TEMI 

25  CCNTINUE 

26  CONTINUE 
C 

C  SUM  TYPE  AREAS  TO  GET  BLOCK  AND  WORKING  CIRCLE  TOTALS. 


DO  30  1=1, NBK 

DC  30  J=l,20 

STYPIJI  =  STYPIJI  .  SARETY(1,JI 

30  CCNTINUE 

DC  31  1=1, NBK 

SBARB  =  5BARB  ♦  SAREIYIUlll 

SBARG  =  SRARG  »  SAREIYII,12I 

ACBARin  =  AC6ARI11  ♦  SARETYIKllI  » 

31  CCNTINUE 

DO  32  1=1, NBK 

00  32  J=l,5 

MNK  =  J  ••  5 

4CSP(1,II  =  ACSP(1,II  ♦  SARETYI1,JI 

32  ACSPI2,II  =  aCSP(2,II  ♦  SARETYl I ,MNKI 
S6ARE  =  SBARB  •  SBARG 

DO  33  1=1, NBK 

SI  AND  =  SLANO  ♦  ARBKI  I  I 


SARETYl 1,121 


WRITE  PAGF  TYPF 


AREAS  OF  TYPES  AND  Wf}RK|NG  GRCUPS. 


WR  HE  It,  J".  I 
54  FORMAT  I  IH  1 ,////, 59X , 1  IHP AGE  TYPF  51 

WRITE  16,351   IFORETI 11,1=1,31 
35  FORMAT  I 1H0,48X, 32H«Rt AS  OF  TYPFS  IN  WORKING  CIRCLE/IH  ,54X,3AB/1H 
10,30X,10HCnvER  TYPE,1  1  X , 5HACRE S , 6X , 1M« ,6X, lOHCOVER  TYPE, llX,5HaCRF 
2S,/1 
DC  37  1  =  1,  10 


I 


10 


WRITE  16,361  I,TYPNMI I ) ,STYPI 11 , J.TYPNMI Jl ,STYP|JI 

36  FORMAT  I lHO,2SX,I2,2X,Aln,4X,Fl?.l,4X,lM«,4x,12,2X,A10,4X,Fl?.ll 

37  CCNTINUE 

WRITE  16,381  SLANO 

38  FORMAT  1  1  HO, 7 3X ,  lOHTOT AL  AR E A , 2X , F 1 2.  1  I 
WRITE  16,391  SMSPI 11 ,5MSP(2I .SflAHE 

39  FORMAT  I  IHC ,//, 22X , 1 2HP 1 NF  GROUP  -  ,F  1  2 . 1  ,  6X , UHSPRUC E  GROUP  -,F12. 
11,3X,18HCEF0RESTE0  ACRES  -, F12.il 

C 

C  PRINT  PAGE  TYPF  6  -  SUMMARY  OF  AREAS  BY  BLOCK  AND  WORKING  CIRCLE. 

C 

WR ITE  16,401 

40  FORMAT  I  1H1,////,59X,  HHPAGE  TYPE  61 
WRITE  16,411 

41  FORMAT  I 1HC,44X,40HTOTAL  AREAS  OF  BLOCKS  AND  WORKING  ClRCLEl 
WRITE  16,421   IFORETI 11,1=1,31 

42  FORMAT  1 IH  ,53X, 3Aai 
WRITE  16,431 

43  FORMAT  I IHO, //,4X,5HBLOCK, 10X,5HT0TAL, 14X,44H««««««  PLANTABLE  ACRE 
IS  FOREST  SOIL  »•«••«•••,  19X,23HFCREST  AND  REGENERATING! 

WRITE  16,441 

44  FORMAT  IIK  , 4X , 3HN0. ,  1  I  X , 5HAC«f S , 1 4X , 6HBP LSH Y , 1 3 X , 6HGR ASS Y , 14X , 5HT 
10TAL,19X,4FPlNE,13X,tHSPRUCE,//l 

DO  51  1=1, NBK 

WRITE     16,501      I,ARBKIll,SAREIYIl,lll,SARETYII,I2l,ACBARin,ACSPIl,I 
1I,ACSPI2,  1  1 

50  FORMAT  I1HC,4X,I2,8X,F10.1,10X,F10.1,9X,F10.1,9X,F10.1,13X,F10.1,9 
IX.FIO. 1  I 

51  CCNTINUE 

WRITE  16,521  SLaND,SBARB,SBARG,SBARE ,SMSPI  1  I  ,SMSPI 21 

52  FORMAT  I1HO,//,4X,5HTOTAL,6X,F10.1,10X,F10.1,9X,F10.I,9X,F10.1,13X 
1,F10.1,9X,F10.11 

WRITE  16,601 

60  FORMAT  I IHO,///, 55X,21HDESIGNATIDNS  OF  TYPESI 
DC  62  1=1.  10 

J  =  1  ♦  10 

WRITE  16,611   I,TYPNMI  I  1 , J.TYPNMI  Jl 

61  FORMAT  I 1H0,43X, I2,4X,A10,6X, IH«,6X, I2,4X,A10I 

62  CCNTINUE 
RETURN 
END 

SUBROUTINE  VOLS 
C 
C  TO  CONVERT  TOTAL  CU.  FT.  TO  MERCH.  CU.  FT.  AND  TO  BD.  FT. 


lAG 
2Th 
3UT 


SMC 
95, 
131 
2, A 

3,0 


MMON 

13,1 

15,1 

AI5, 

151 

NSBK 

ARET 

ND,S 

FI3I 

151, 

,  FNB 

DJI  3 

ENO 


ABE 
51  , A 
21,6 
121 
GRMC 
151, 

15, 
LVGI 
,TH1 
TIME 
Dl  31 
UAL 
REST 


Gl  3 
NCUT 
FMRC 
CUTB 
13,5 
NSl  I 
20  1  , 
5,  12 
Nl  31 

PDC 

BFI 
OWCl  31  ,ALWI 

DBHT,BAST 


1,AC 
101, 
FAG6 
121  , 
1,GR 
NSUB 
SPl  3 
MCI  3 
BR,  T 
5,  12 
31,0 


I  51, AC  SI  I  3, 5,  101, AC SPl 3, 51, ALLCFI 
KI5  1,AREai3,10l,BARSII5,IOI,BFAGE 
151, CFBF I  3, 101, CM  THIS, 12  I  ,COMBFI 3 
L,DATEI3l,DLEVI3l,FINLI3l,FORETI3 
I31,GR0WCI31,GVLBFI31,GVLCUI3I,MI 
ENI5,121,PC0RI3),PRET,RAGE13,101, 
B AR B,SBARE, SBARG,  SRF  I  31, SHEET  131, 
MSPI3I,STYPI20I,SUBBFI3,101,SUBCF 
,TYPNMI20I ,DELAYI 31 ,ACFNLI 3,5, 15  1 
DCFNI5,121,0PCUI3I,FNCUI3I,CU1NTI 
PBD13l,TEM,MNK,KNC,FCTRI2l,PRr0  12l,K 
FI3I,BDMAII31,CUMA1I3I,PAI6DI3I,PA1C 
NWGP,HELPI5, 121 ,BA1 21 


3,10 
13,1 
I  ,C0 
I  ,GR 
N,NP 
PINT 
SHWC 
I  3,  1 
,ACR 
31  ,A 


I  ,AMC 
51, BE 
MCU,C 
BDI  3, 
K,NCM 
,ROTA 
131, S 
01  ,SU 
NI3, 
CI  NT  I 
DM121 
,OBHO 


DC  2  1=1,2 

FCTRIII  =  0.0 
2  PRODI  I  I  =  0.0 

IFIKAK  .EQ.  21  GO  TO  20 

DO  14  1=1, KNO 
C 
C  COMPUTE  MERCH.  CU.  FT.  OF  FIRST  Sr'EClES. 


IFI VDMI 1  I  .LT.  5.01  GO  TO  14 

IFl VDHI II  .GT.  6.71  GO  TO  4 

FCTRI  I  I  =  0.26612  •  VDMI  11-: 

GC  TO  a 

4  IFIVOMIII  .GT.  10.41  GO  TO  6 

FCTRIII  =  3.46993  -  0.12017  • 
GO  TO  8 

6  FCTRIII  =  0.99666  -  0.66932  / 


VOMI  I  I  -  1  3.4198 
VOMI  I  1 


C  COMPUTE  BO.  FT.  OF  FIRST  SPECIES. 


8  IFIVDMIIl  .LT.  8.01  GO  TU  14 
IFIVOMIII  .GT.  11.91  GO  TO  10 

PRODIll  =  0.87783  •  VDMlll  •  0.C0660  •  BA I  I  1  -  7.27957 
GC  TO  14 
10  PRODIll  =  5.10752  +  0.10712  •  VDMlll  »  0.00165  •  BAdI  -  36.20229 

1  /  VOMI  1  1 
14  CONTINUE 

RETURN 
20  DC  32  1=1, KNO 
C 

C  COMPUTE  MERCH.  CU.  FT.  OF  SECOND  SPECIES. 
C 

IFl VCMI  II  .LT.  5.01  GO  TO  32 
IFI VDMI II  .GT.  6.81  GO  TO  22 
FCTRIII  =  0.28253  «  VOMIII  -  1.19723 
GC  TO  26 


22    IF(V0M(1I  .GT.     IC.O)     GO    TO    2« 

FCIRin    =  3.17119    -     11.77668    /    V0»' (I  1     -    0.10560    «    VD^'(1) 

GC    TO    2t 

2<<    FCTRII)    =  0.se<.88    -    0.^15681     /    «DM  I  I  1 

c 

C    COMPUTE    BD.     FT.    OF    SECOND    SPECIES 
C 

26     IF(VCM(n     .LT.    8.0)    GO    TO    32 
28    IFlVOh-in     .GT.    11.51    GO    TO    30 

PRr!D(l)    =    0.86587    •    VDMIII    -    6.54505 

GO    TO    32 
30    PROOIIl     =     11.21671    -    71.ifa7<)5    /    VOM  1  I    -    0.13545    •    VOflll 
32    CONTINUE 

RETURN 

END 

SUBROUTINE  CUTS 
C 

C  TO  ESTIMBTE  INCREASE  IN  JVER4GE  D.R.H.  DUE  TC  THINNING. 
C 

COflHON  ABFaG(3,l5),4CBAR(5).ACSII3i5,101,SCSPI3,51,ALLCFI3,10l  ,  AUC 
lAG(3,15l,ANCUTI3.10l,AReKI5  1,AREA(3,10  1,eARSII5,10l,BFSGEI3,15l,nf 
2THI5,12:,eFHRCH,CFAGEI3,15),CFBF13.101,Cr'THI5,12),C0WBFI3),Cr«CU,C 
3UTA(5, 121.CUlei5,12  1,CVCL.OATE(3I.DLEV(3l,FINLI3),FOR[ri3I.CReDI3, 
'•5,l5l,GRMCI3,5,15l,GROHei31,GROWCI3l,GVLBFI3  1,GVLCU(3l,KIN,NFiK,NCW 
5P.NSBK(5  1  ,NSI  (  31  ,NSU6.nPEN( 5, 121  ,POOR(  31  .PRET.RAGE  (3,  10)  ,RINT,R0TA 
6,SARETrl5,20),SARSPI3],Se4RB,SBAREiSBARG,SBF(3),SHeLT(3),SHUD13).S 
7LAND,SLVG(5,12),SMC(3),SWSPni,STYP(201,SUBBF13,10),SUBCFI3,10),SU 
8MCF(  31  ,ThINI  3)  ,  TMBR  ,  T  fPO  ,  T  Y  PNf^  (  20  )  ,DELAV13),4CFNL13.5.15),ACRGM3i 
95,15).TlME,P0CFR15,l2).P0CFNI5,12)>0PCU(3).FNCU(3)iCUINTI3),ACINTI 
13).FNBD(3).BFlNT(3).OPBD13),TEM,MNK,KNO,FCTR12),PROO(2),KAK,VDM(2) 
2tADJ(  3),AL0WC  (3),4LUBFI3),B0)'AI13),CUfAI13),PAI60l31,PAlCUI3)  ,OBHO 
3,CEN0,RESI.D6HT,e4ST,NHGP,HELP(5, 12),BA(2) 
C 

IFIOBHO  .LT.  n.l,)     GO  TO  30 
C 

C  COMPUTE  O.B.H.  IF  OBHO  IS  LARGE  ENOUGH  FOR  BASAL  AREA  TO  REMAIN  CONSTANT. 
C 

PRET  =  100.0 
00  21  KJ=l,100 
IFIPRET  .LT.  50.01  GO  TO  5 
IFIKAK  .EQ.  2)  GO  TO  1 

OBHE  =  0.73365  »  1.02006  •  DBHO  -  0.01107  t  (PRET  -  50.0)  -  0.0001 
l".  «  IPRET  -  50.0)  •  (PRET  -  50.0) 
GO  TO  11 
1  OBHE  =  DBHO  4  1.05308  -  0.02106  •  (PRET  -  50.0) 
GO  TO  11 

5  IFIKAK  .Ek.'.  21  GO  TO  6 

PCBHE  =  0.49401  ♦  0.71890  •  ALOGIOIDBHOI  -  0.22530  •  ALOGIOIPRET) 

1  *  0.12616  •  4LnG10(0BH01  •  ALOGIOIPRET) 
GO  TC  10 

6  PCBHE  =  0.26136  ♦  0.93849  *  ALOGIOIOBHOI  -  0.09292  •  ALOGIOIPRET) 

10  CBHE  =  10. C  ••  POBHE 

11  IDBHE  =  CBHE   •  10.0  ••  0.5 
DBHE  =  ICBHE 

DBHE  =  DBHE  •  0.  1 

DENE  =  CENO  ♦  PRET  •  C.Ol 

NCENE  =  DENE  ♦  0.5 

DENE  =  NCENE 

BASE  =  0.0054542  •  OBhF  •  OBHE  •  DENE 

NBASE  =  BASE  ♦  10.0  •  0.5 

BASE  =  NB4SE 

B4SE  =  BASE  •  0.1 

TMPY  =  0.0054542  •  DBHE  •  DBHE 

TEM  =  BASE  -  REST 

IFdEM  .LE.  TMPYI  GO  TO  70 

IFITEM  .LT.  4.01  GO  TO  20 

PRET  =  PRET  -  1.0 

GO  TO  21 

20  PRET  =  PRET  -  0.3 

21  CONTINUE 
GC  TO  70 


C  COMPUTE  D.B.H.  IF  64S4L  4REA  INCREASES  WITH  D. 


.H. 


30  PRET  =  40.0 

IFIOBHO  .GT.  7.01  PRET  =  70.0 
DC  65  J=l, 100 

IFIPRET  .GE.  50.01  GO  TO  40 
IFIKAK  .EO.  2)  GO  TO  35 

PCBHE  =  0.49401  •  0.71890  •  ALOGIOIDBHOI  -  0.22530  •  ALOGIOIPRET) 
1  •  0.12616  •  ALOGIOIDBHOI  »  ALOGIOIPRET) 
GO  TO  36 

35  PCBHE  =  0.26136  •  0.93849  •  ALOGIOIDBHOI  -  0.09292  •  ALOGIOIPRET) 

36  OBHE  =  10.0  •»  PDBHE 
GC  TO  45 

40  1FIK4K  .EO.  2)  GO  TO  41 

OBHE  =  0.73365  ♦  1.02008  »  OBHO  -  0.01107  •  IPRET  -  50.0)  -  0.0001 
14  •  IPRET  -  50.01  •  IPRET  -  50.0) 
GO  TO  45 

41  DBHE  =  CBHO  »  1.05308  -  0,02106  •  IPRET  -  50.0) 
45  lOBHE  =  CBHE  •  10.0  •  0.5 

DBHE  =  ICBHE 

DBHE  =  CBHE  •  0.  1 

DENE  =  CENO  »  IPRET  •  0.01) 

NDENE  =  DENE  •  0.5 

DENE  =  NCENE 

BASE  =  0.0054542  •  DBHE  •  DBHE  •  DENE 

NBASE  =  BASE  *     IC.O  •  0."= 

BASE  =  NBASE 

BASE  =  BASE  •  0.  I 

BREAK  "     49.9  •  REST  /  80.0 

IFIB4SE  .CT.  BREAK)  GO  TO  50 

DBHP  =  180.0  /  REST)  •  (0.08682  •  BASE)  ♦  0.94636 

GO  TO  52 

50  BUST  =  66.2  •  IREST  /  80.0) 
IFIBASE  .GT.  BUST)  GO  TO  51 

DBHP  =  180.0  /  REST)  •  10.10938  •  BASE)  -  0.17658 
GC  TO  52 

51  TMPY  =  BASE  •  160.0  /  REST) 


TF-M  =     TMPY  »  FMPY 

CBhP  =  19.04740  •  IHPY  -  0.26673  •  TEM 

♦  0.0012539 

1  -  448.76833 

IFITMPY  .GT.  80. 0)  DBHP  =  DBHO  ♦  0.8 

5  2 

ICBHP  =  CBHP  t     IC.O  ♦  0.5 
DCHP  =  ICBHP 
n8HP  =  CBHP  t  0.1 
IFIDBHP  -  DBHE  )  60,70,61 

6  0 

PRFT  =  PRCT  •  1.02 
GC  TO  65 

61 

PRET  =  PRET  ♦  0.98 

65 

CCNTINUE 

C  COMPUTE  PnST-THINN ING  BASAL  AREA. 
C 

IFIDBHI  .GT.  5.0)  GO  TO  75 

SCFT  -     11.58495  »  DBHT  -  11.09724 

GC  TO  76 
75  IFIDBHT  .GE.  10.0)  GO  TO  77 

TEM  =  DBHT  •>  DBHT 

SOFT  =  7.76226  •  DBHT  •0.85289  •  TEM  -0.07952  •  TEM  •  DBHT-3. 45624 
7b  BAST  =  (REST  /  60.0)  •  SOFT 

GC  TO  80 
77  BAST  =  REST 
80  RETURN 

END 

SUBROUTINE  GOT 
C 

C  TC  CO-PUTE  PRESENT  VOLUMES,  DISTRIBUTIONS  OF  AREA  AND  VOLUME,  AND 
C  POTENTIAL  GROWTH  FROM  INVENTORY  DATA. 
C 

COMMON  AeFAGI3,15),4C64RI5),ACSII3.5,10),ACSP(3,5),4LLCFI3, lOl.AMC 
14GI 3. 15  1, ANCUTI 3,10),AR6K(5),AREA(3,10),BARSII5,10) ,BFAGEI3, 15) ,BF 
2TH5,12),BFMRCH,CFAGEI3,151,CFBFI3,10  1,CMTHI5.12),C0MBFI3)  ,COMCU,C 
3UT4I5,121,CUTBI5,12),CYCL,DATE(3),DLEV(3),FINLI3),F0RETI3),GRBD(3, 
45.15),GRMCI3,5,15),GR0W6I3) ,GROWC( 3) ,GVLBF(3) ,GVLCU(3) ,MIN,N6K,NCM 
5P,NSBK(5),NSI(3),NSUB,OPEN15,12) ,P00R(3) , PRET, RAGE (3,10),RINT,R0TA 
6,SARETY(5,20),SARSP(3).SBARB,SB4RE,SBARG,S8F(3),SHELT(3) ,SHWD(3),S 
7LAND,SLVG(5,12),SMC(3),SMSPI3),STYP(20),SUBBFI3,10),SUBCF13,10),SU 
8MCFI3),TH1NI3), TMBR , THPO , T YPNM I  20 ) ,0eLAY(3),ACFNL(3,5,15),ACRGN(3, 
95,15),TIME,PDCFR(5,12).PDCFNI5,12)  ,0PCUI3) , FNCU I  3  I ,CU I  NT ( 3 ) , AC  I  NT  1 
13),FNBDI3),BFINTI3),OPBDI3),TEM,MNK,KNO,FCTRI2),PRODI2),KAK,VDMI2I 
2,ADJI3),ALOWCI3l,ALWBFI3) .BDMAI I3),CUM4II31,PAIBDI31,PAICUI3) ,OBHO 
3, DE NO, REST, DBHT , B AST , NWGP ,HELP I  5 . 1 2) ,BAI2) 
C 

C  VARIABLES  LISTED  IN  DIMENSION  AFTER  TVLII)  ARE  NEEDED  ONLY  IF  ANY 
C  INVENTORY  RECORDS  HAVE  ACRE  =  0.0. 
C 

DIMENSION  BFBLKI5),BFSPI3,5),BFTBI5,12),CFMER(5),CFTB(5,12),CMSP(3 
1,5),CMTBI5,12) ,DBHI 2),0EN(2).FBAI2),FBDI2),FDMI2),FDN(2).FHT(2),FM 
2C(2),FVLI2),HTI2),PTBF(3,5,15),PTCU(3,5,15),PTMCI3,5,15),SPLTI5,12 
3)  ,TCFI5) ■TCSPI3,5),UNCHLI 5,12),AGE(2),STCI3),BASI2),T0TI2),CMI2),B 
4FM(2),TBAI2),TBDI2I,TDMI2),TCMI2),TVLI2),PAFNI3,5,15),PARGI3,5,15) 
5,PSPLTI5,12),PASII3,5,10),PBFTI5,12),P8RSII5,10),PCMTI5,12),PCT4I5 
6,121,PCTBI5,12),PGBDI3,5,15)  ,  PGMC  I3,5,15),PCPM5,12),PPBF(3,5,15), 
7PPCR(5,12)>PPFNI5>12  1,PPMCI3,5,15),PPTC(3,5,15),P5(3,5,10),PSLVI5, 
8121,PUNCI5,12),TPB(3,5),P4RIY(5,20),PABR(5),P4SPI3,5),PHLPI5,12) 
C 

C  'NITIALI7E  VARIABLES  FIRST  DEFINED  IN  THIS  SUBROUTINE. 
C 

SBDF  =  0.0 

SCFM  =  0.0 

SSPT  =  0.0 

STCF  =  CO 

SUNC  =  CO 

THPO  =  CO 

DC  2  1-1,3 

STCI  I)  '    CO 

DO  2  J-1,5 

BFSPI  I, Jl  =  0.0 

CMSPI  I,  J)  =  CO 

PASPI  I  ,  J  1  =  CO 

TCSPI  I  ,  J  )  =  CO 

TPB( I, J)  =  0.0 

DO  2  K=l,  15 

PAFNI  I,  J,K  1  =  CO 

PARGl  I,  J,K  )  =  CO 

PGBDI  I,  J,K  )  =  CO 

PGMCI  I  ,  J,K)  =  CO 

PPBFI  I,  J,K  )  =  CO 

PPMCI  I  ,  J,K  )  =  CO 

PPTCI  I  ,  J,K  )  =  CO 

PTBFI  I  ,  J,K1  =  CO 

PTCUI  I  ,  J.K  )  =  CO 

PTHCI  I, J.K  )  =  0.0 
2    CONTINUE 

DO  4  1=1,5 

BFBLKI I )  =  0.0 

CFMERI I )  =  0.0 

P4BRI  I  I  =  CO 

TCFI  I)  =  0.0 

DO  4  J=l,12 

BFTBl  I,  J  )  =  CO 

CFTB(  I  ,J)  -  CO 

CMTBI I , J  1  =  0.0 

PPFTI  1  ,  J)  =  CO 

PCMTI I, J)  =  0.0 

PCTAI I. J  )  =  0.0 

PCTBI I, J )  =  0.0 

PHLPI  I,  J  1  =  CO 

PCPN(  I  ,  J)  =  CO 

PPCRI I, J  )  =  0.0 

PPFN(  I  ,  J)  =  CO 

PSLV( I , J  1  =  0.0 

PSPLTI  I,  J)  -  CO 

PUNCI  I.J)  »  CO 

SPLTI I, J)  =  0.0 

UNCMLI  I.J)  =  CO 


4  CCNTINUf 

OC  5  1=1,3 

OC  5  JsUS 

on  5  K=l, 10 

P«SI( I, J.Kl  =  0.0 
•>    PSI  I.  J,K  1  =  0.0 

CC  6  1=1,5 

00  6  J  =  l,  10 
6  PBBSll I,JI  =  0.0 
C 
C  CRE4TF  DUPLICATE  RECORO  OF  4REAS  COHPUTEO  BY  PREVIOUS  ROUTINE. 

c 

on  8  I=1.NUCP 

DC  8  J=1,NBK 
8  P«SP(  1 ,J1  =  4CSP(  I  ,JI 

DC  9  1=1, NBK 

CC  ■)  J=l,20 
t     PARTY  I  I, J  I  =  SARETYl  1 ,JI 
C 

C  INITIALUE  VARIABLES  RECOHPUTEO  FOR  EACH  INVENTORY  RECORD. 
C 

10  OC  11  1=1, J 

OASI 1 1  =  0.0 

8FH(  I  1  =  0.0 

Cf'l  II  =  CO 

FBAI  II  =  0.0 

FBD(  II  =  0.0 

FCM( I  I  =  0.0 

FCM  II  =  0.0 

FHI  1  1  =  0.0 

FMCI  I  1  =  0.0 

FVL( II  =  0.0 

TBA( I  I  =  0.0 

TPC( II  =  0.0 

rcM( II   =  0.0 

TCMI  I  I  =  0.0 

ivLi n  =  0.0 
u   rcTi II   =  0.0 

BAUS  =  0.0 

BCUS  =  0.0 

BFVOL  =  0.0 

CFVOL  =  0.0 

CfUS  =  0.0 

D^US  =  0.0 

ONUS  =  0.0 

FTBD  =  0.0 

FTCM  =  0.0 

HTUS  =  0.0 

STORl  =  0.0 

STORi  =  0.0 

TEH  =  MIN 

THBD  =  0.0 

THCF  =  0.0 

VLUS  =  0.0 
C 

C  READ  INVENTORY  DATA,  ONE  RECORD  AT  A  TIKE. 
C  LOGICAL  UNIT  <<    HOLDS  THE  INVENTORY  TAPE. 
C 

READ  (4,121  IBK.KOHP, I  SUB ,OTR 1 ,0TR2 , SEC T , TOWN, RANG ,SI TE , STRY ,NT YP , 
1  WORK, 08H 111, HT( II, DEN  I  1  I , AGE (11 , DBH I  2  I ,HT ( 2  I , DENI 2 1 , AGE ( 2  I , ACRE , MH 
2EN 
12  FORMAT  lI2,I«,H,3A3,2A',,F4.0,F2.0,I3,F3.0,F',.l,F3.0,F5.0,F<i.0,F'f. 
I1,F3.0,F5.0,F<..0,F5.1,F5.0I 
C 

C  STOP  VOLUME  COMPUTATIONS  IF  ALL  INVENTORY  RECCROS  READ. 
C 

IF(18K  .EO.  0  .OR.  IBK  .GT.  NBK I  GO  TO  150 
C 

C  CONTINUE  COMPUTATIONS  IF  ALL  RECCRDS  NOT  READ. 
C 

PARTY( IeK,NTYPI  =  P AR T Y ( 1 BK , NT YP 1  -  ACRE 

STORl  =  HTI 1 1 

SInR2  =  HT12I 

JS  =  (  AGEI  1  1  »  <).0I  •  0.1 

IFISTRY  .GT.  C.OI  JS  =  IAGEI2I  »  <).0I  «  C.l 

IF( JS  .GT.  151  JS  =  15 
C 

C  COUNT  TOTAL  NUMBER  OF  INVENTORY  RECORDS  BY  BLOCK  AND  TYPE. 
C 

SPLTI IBK,NIYP1  =  SPLTI IBK.NTYPI  ♦  1.0 

IFIACRE  .GT.  0.01  GO  TO  16 

PSPLTI I6K,NTYPI  =  PSPLTI IBK.NTYPI  ♦  l.O 

16  ISI  =  (SITE  «  '..01  •  0.1 
IFdSI  .LT.  II  GO  TO  10 
IFINTYP  .LE.  101  CO  TO  IB 
IFIACRE  .EQ.  0.01  GO  TO  17 

BARSI  (  IBK,  ISI  I  =  BARSK  IBK,  ISI  I  *     ACRE 
GO  10  10 

17  PBRSK  IBK,  ISI  I  =  PBRSK  IBK,  ISI  I  •  1.0 
GO  TO  10 

18  IFINTYP  .GT.  0  .AND.  NIYP  .LT.  61  KAK  =  1 
IFINTYP  .GT.  5  .AND.  NTYP  .LT.  HI  KAK  =  2 
IFIACRE  .EO.  0.01  GO  TO  1') 

ACSIIKAK,  IBK,  ISI  1  =  ACS  1  I K AK ,  I BK , 1 S I  I  >  ACRE 
PaSPIKAK, I6KI  =  PASPIKAK, IBKI  -  ACRE 
GO  TO  20 
It     PS(KAK,IBK,IS11  =  PSIKAK,18K,ISI 1  ♦  1.0 

20  IFISITE  .GE.  POORIKAKll  GO  TO  22 
IFIACRE  .EO.  0.01  GO  TO  21 

UNCHLI  IBK.NTYPI  =  UNCML I  I BK ,NT YP 1  «  ACRE 
GO  TO  10 

21  PUNCI IBK,NIYPI  =  PUNCI IBK,NTYP1  »  1.0 
GO  TO  10 

22  IF(OBH(ll  .GT.  0.01  GO  TO  26 
C 

C  TEST  FOR  NONCOMMERCIAL  THINNING  IN  VERY  YOUNG  STANDS. 
C 

IFIHORK  .NE.  2.01  GO  TO  10 

IFIACRE  .EO.  C.OI  GO  TO  25 

HELPI  IBK.NTYPI  =  HELP  I  I BK .NT YP I  •  ACRE 


or  TC  10 

25  PI-LPI  IBK.NTYPI     =     PHL"  I  I  BK  ,  NT  YP  I     ♦     1.0 
GC     TO     IC 

C 

C  COMPUTE  BASAL  AREAS  AND  VOLUMES  PEP  AC«F. 

C 

26  OC  29  1=1,2 

BASIll  =  0.005'.5'.2  •  DnHlll  «  OHHIII  •  OtMII 

IFIDBHI II  .LT .  3.01  GO  TO  29 

IFl AGEI II  .LT.  TEMI  GO  TO  29 

IFINTYP  .GT.  51  GO  TO  28 

D2H  =  OBHI  1  I  •  OBt-l  II  •  HTI  I  I 

IF(n2H  .GT.  6000.01  GO  TO  27 

TOTIll  =  I0.C0225  »  D2H  -  U.CCU7<.  •  IIASIII  »  0.037111  •  DENIII 

GC  TO  29 

27  TOTIll  =  I0.002'.7  •  02H  »  O.COIIO  »  BASIII  -  1. 402861   •  DENIII 
GO  TO  29 

26  TOtlll  =  0.50  •  8ASIII  »  HTIII  .  16.96 

29  CCNTINUE 
C 

C  IF  WORK  CODEC  FOR  THINNING,  VERIFY  THAT  IT  CAN  BE  CONE. 

c 

IFIHCRK  .EC.  2.01  GO  TO  30 
IFIHORK  .EQ.  6.01  GO  TO  31 
GO  TO  38 

30  K  =  1 

GC  TO  32 

31  K  =  2 

32  IFIDBHIKI  .LT.  2.01  GO  TO  38 
IFIDBHIKI  .GT.  5.01  GO  TO  33 

LEVL  =  80.0  •  BASIKI  /  111.58495  •  OBHIKI  -  11.097241 
TMPY  =  THINIKAKI 
GC  TO  36 

33  IFIDBHIKI  .GE.  10.01  GO  TO  34 
TEM  =  DBHIKI  •  DBHIKI 

LEVL  =  eO.O  •  RASIKI  /  17.76226  •  UBH I K 1  >  0.85289  •  TEM  -  0.07952 
1»  TEM  »  CBHIK  I  -  3.456241 
GO  TO  35 

34  LEVL  =  BASIKI 

35  TMPY  =  OLEVIKAKI 

36  IFIWORK  .EO.  6.01  GO  TO  37 
IFILEVL  .LE.  TMPYI  WORK  =  0.0 
GO  TO  38 

37  IFILEVL  .LE.  TMPYI  WORK  =  5.0 

38  IFITOTIll  .EC.  0.01  GO  TO  48 
C 

C  CONVERT  TOTAL  CU.  FT.  TO  OTHER  UNITS. 

c 

IFIDBHI II  .LT.  5.01  GO  TO  40 

KNO  =  2 

6AI 11  =  6ASI II 

BAI2I  =  BAS(2I 

VDH( 11  =  DBH( 11 

VCM(2I  =  D0H(2I 

CALL  VOLS 

00  39  1=1,2 

6FMII1  =  TCTIII  •  PROCIIl  «  O.OOl 

39  CMIII  =  TOTIll  •  FCTPIIl  •  C.OI 

40  DC  41  1=1,2 

41  TCTIII  =  TOT  I  I  1  •  0.01 
C 

C  ADD  VOLUMES  TO  APPROPRIATE  TOTALS. 
C 

TMCF  =  CMI  11  ■•  CMI  21 

TMDD  =  BFMI  1  I  *  BFMI 2  I 

IFIACRE  .EC  0.01  GO  TO  45 

PTCUIKAK, IBK, JSI  =  PTCUIKAK, IBK , JSl  ♦  ITOTIll  •  TCTI2II  •  ACRE 

PTMCIKAK,  IBK, JSI  =  PTHC I K AK ,  I  BK , J S  I  •  (TMCF  •  ACREl 

IFITMBD  .LT.  eFMRCHI  00  TO  48 

PTBFIKAK,  IBK, JSI  =  PTBF I K AK ,  1  BK , JS  I  »  IIMBD  «  ACREl 

GC  TO  48 
45  PPTC  IKAK,  IBK  ,  JSI  =  PPTC  I  K  AK  ,  I  BK  ,  J  S  I  »  TOKll  •  T0TI2I 

PPMCIKAK, IPK, JSI  =  PPMCIKAK, IBK, JSI  »  IHCF 

IFITMBC  .LT.  EFMRCHI  CO  10  48 

PPBFIKAK, IBK, JSI  =  PPBFIKAK , IBK, JSI  ♦  TMBO 


C  COMPUTE  GROWTH  FOR  NEXT  PERIOD 


WORKING  GROUP.  BLOCK,  AND  AGE  CLASS. 


48  IFIHORK  .NF.  3.01  GO  TO  51 

IFIBFMIll  .LT.  CCMBFIKAKII  GO  TO  10 

IFIACRE  .EQ.  C.OI  GO  TO  50 

SLVGI  IBK.NTYPI  =  SL VG I  I BK , NT YP I  <  IBFMIll  •  ACREl 

GC  TO  10 

50  PSLVI  18K,NTYPI  =  P SL V  I  I BK , N I YP  I  t  CFHIll 
GO  TO  10 

51  TMOY  =  AGEUl  *  TIME 
TEM  =  MIN 

IFITHDY  .LT.  TEMI  GO  10  66 

SBAS  =  EASI 1 1  ♦  BASI2  I 

IFIS0A5  .EC  C.OI  GO  TO  66 

J  =  TIME  /  PINT 

CO  62  K=1,J 

IFIKAK  .EO.  21  GO  TC  56 

DC  55  1=1,2 

TMDY  =  AGEI II  «  TIME 

IFITHDY  .LT.  TEMI  GO  TO  55 

FCMIIl  =  0.88511  •  DBHIII  ♦  1.29735  •  ALOG 1 0 1 HT I  I  1  I  •  0.00119  •  DB 
IHIIl  •  SITE  »  62.37174  /  SBAS  -  1.56975 

IFICBHIIl  .GE.  IC.OI  GO  TO  52 

FCNIII  =  0.00247  ♦  0.00124  •  DBHIII  •  0.00028  •  DBHIII  •  DBHIII  • 
10.C0000521  «  SBAS  •  SBAS  -  0.C0C0905  •  DBHIII  •  SBAS 

IF(FCN(II  .LT.  0.01  FDNIIl  =  0.0 

FDNI  I  I     =     DENI  II     •     I  1.0    -     FOM  1  I  I 

HNK     =     FDNI II     «     0.5 

FCNI  I  1     =    MNK 

GC     TO     5  3 

52  FCNI  I  I     =     CENI  I  I 

53  FBAIII     =     0.0054542     •     FDMIIl     •     fOMIll     <     FOMII 

FHTIII     =     15.43021     •     1.107    •    Hllll     -    0.08637    •    AGE ( 1 1     -     304.12172    / 
ISITE     -     0.02447     •     SITE     •     SBAS     /     100.0 
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D2H  =  FCP(  I  )  •  FO^'l  I  1  •  FHT  111  C 

IF(D2H  .GT.  6000.01  GO  TO  5'.  C  CfT[Rnl^^t  PnTFNTML  WORK  LOOD  FQK  NEXT  PFRIOD.  CRfOIT  FUTURE  CUTS 

FULIII  =  (0.00225  •  D2H  -  O.OOOV.  •  FBAIll  ♦  0.037111  •  FDN(11  C  hITH  I-4LF  PERIODIC  GROWTH  nBTSlNED  IF  NOT  CUT. 

GO  TO  55  C  INCLUCE  STANL'S  NEAR  ROTATION  AGE  IN  POTENTIAL  REGENERATION  CUTS 

5'.  FVLIIl  =  (C.002'.7  •  02H  »  0.00130  •  FBAll)  -  1.<.02«6I  •  FCM  I  1          C  KLGARCLESS  CF  HORK  INOEX. 

55  CONTINUE  C 
GC  TO  60 

56  DC  59  1=1,2 
THDY  =  AGE(  I  I  ♦  TIME 

IFITHDV  .LT.  TEMI  GO  TO  59  C  COMPUTE  GROWTH  4NC  YIELD  OF  STANDS  TO  BE  REGENERATED  IN  NEXT  PERIOD. 
FCHlll  =■  0.2631  <  0.<35287  »  D8H I  I  )  •  0.0016  •  DBH  I  I  1  •  SITE  •  16.4     C 

16662  /  SBAS  TCf  =  GRCWBIKAKl  •  TIMF  »  0.01 

IFlDeH(I)  .GE.  10.01  60  TO  57  [l-Y  =  SHELTIKAKl 

FCNlll  =  0.05285  -  O.C13«6  •  OBH I  1  I  ♦  0.00226  •  DBHIll  •  LHHIll  •  IPPY  =  IFBCIll  •  BFMllI)  •  C.5 

10.0000066  »  SBAS  •  S8AS  -  0.0001931  t     DBHIll  •  SBAS  IFITMPY  .LT.  Cf Y 1  DMY  =  TMPY 

IFIFONIII  .LT.  0.01  FCNIll  =  0.0  IFIACRE  .EC.  0.0)  GO  TO  86 

FONIII  =  DENII)  •  11.0  -  FDNllll  GRBDIKAK,  18K,  JSI  =  GP  BD I  K4K  ,  I BK ,  J  S  I  ♦  IFDD12I  *  BDUS  -  BFM2I  -  BF 

MNK  =  FDNIll  ♦  0.5  1"I2I  ♦  FFDllI  -  BFMll)  »  DMY  •  TECI  •  0.5  •  ACRE 

FCNIll  =  MNK  ACRGNIKAK, IBK, JSI  =  ACKGM K AK , I BK , JS I  ♦  ACRE 

GC  TO  58  GC  TO  87 

57  FCNIll  =  DENIll  Hf>  PC?OIKAK,  IBK,  JSI  =  PCBD I  K  AK  ,  I  BK  ,  JS  I  ♦  IFBDI2I  ♦  BOOS  -  BFMI21  -  BF 

58  FBAIll  =  0.005'.5<.2  »  FOMIII  •  FDflll  •  FDMl)  im2l  t  FBDIll  -  BF^Ill  -t  DMY  •  TEM  1  0.5 
FHTIll  =  1<..573'.9  4  1.101  »  HTIll  -  0.0965'i  •  AGE  I  1  1  -  333.37172  /  P  ARG 1  K  AK  ,  I  HK  ,  J5  I  =  P  ART,  1  K  AK  ,  I  BK  ,  J  S  I  •  1.0 

ISITE  -  0.0'.321  •  SITE  »  SBAS  /  ICC.O  87  TFK  =  GRUWCIKAKI  •  TIME  «  O.Cl 

FVLIll  =  0.50  »  FBAIll  •  FHTIll  ♦  16.96  DMY  =  SHwDIKAKI 

59  CONTINUE  TMPY  =  IFMCIll  *     CHIlll  »  0.5 

60  IFIJ  .EO.  II  GO  TO  62  IFITMPY  .LT.  DMY 1  DMY  =  TMPY 
DC  61  1=1,2  IFIACRE  .FO.  0.01  GO  TO  88 

AGEIII  =  AGEIII  ♦  RINT  GRMCIKAK, IBK, JSI  =  GRMC I K AK , I BK , JS I  t  IFMC(2I  ♦  CMOS  -  CMI2I  -  CMI 

DBHIll  =  FCHlll  12)  +  FMCll)  -  CMll)  ♦  OMY  •  TEM)  •  0.5  •  ACRE 

OENI  I  I  =  FCN(  II  GC  TO  89 

HTII)  =  FHTIll  88  PGHC I K AK ,  1  BK  ,  J S  )  =  PGHC I K AK ,  I  BK  ,  JS  I  •  IFMCI2)  *  CMOS  -  CB{2I  -  CMI 

61  CONTINUE  12)  *  FMC I  1 )  -  CMIl)  .  DMY  •  TEMI  •  0.5 

SBAS  =  FBAIll  •  FBAI2I  89  BFVOL  =  IBFMIll  ♦  FRCIll)  •  0.5  -  SHELTIKAKl 

62  CONTINUE  CFVDL  =  ICMIl)  t  FMCIlll  •  0.5  -  SHWDIKAKI 
C  IFIBFVOL  .LT.  COMBFIKAKII  GO  TO  91 

C  CONVERT  TOTAL  CU.  FT.  TO  OTHER  UNITS.  ACO  =  BFVOL  •  (0.63821  *     28.99151  /  OBHIlll 

C  ACO  =  CFVCL  -  ADD 

IFIFDMllI  .LT.  5.01  GO  TO  66  IFIACD  .LT.  CCMCU)  ADD  =  0.0 

KNO  =  2  IFIACRE  .EQ.  0.01  GO  TO  90 

BAIll  =  FBAIll  CUTAI  IBK.NTYPI  =  CUT  A  I  I BK ,N T YP I  *  (BFVOL  •  ACRE) 

BAI21  =  FBAI2I  PCCFRI  IBK.NTYP  I  -     POC FR (  I BK , NT YP I  *  ( ACD  •  ACRE) 

VOH(  il  =  FDHI  11  GO  TO  10 

VCMI2I  >  F0MI2I  90  PC T A  I  1 BK , NT YP I  =  PC T A (  I BK , NT YP I  ♦  BFVCL 

CALL  VOLS  PPCRI  IBK ,NTYP  I  =  PPCR (  1 BK  ,  N T YP )  •  ADD 

DO  65  1=1,2  GC  TO  10 

FBOIII  =  FVLII)  •  PRODIII  •  O.COl  91  IFICFVOL  .LT.  COMCUI  GO  TO  10 

FMCIll  =  FVLIll  •  FCTRIll  •  0.01  IFIACRE  .EO.  0.01  GO  TO  92 

65  CONTINUE  PCC FR (  I BK  ,  NTYP  I  =  POC FP  (  1 BK , NT YP  I  ♦  (CFVOL  •  ACRE) 
C  GO  TO  10 

C  ACD  PERIODIC  GROWTH  IF  NO  WORK  IS  PLANNED  DURING  NEXT  PERIOD.  92  PPCR I  1 BK , NT YP  I  =  PPCR  I  I BK , N T YP I  >  CFVCL 

C  GO  TO  10 

66  IFIWORK  .GT.  1.01  GO  TO  70  C 

IFIACRE  .EO.  0.01  GO  TO  67  C  COMPUTE  GROWTH  AND  YIELD  OF  STANDS  TO  LOSE  OVERSTCRY  IN  NEXT  PERIOD. 

GRBDIKAK,  IBK, JSI  =  GRBD I K AK  ,  I BK , JS I  *  ( F BD (  1 ) tF BD I  2  I -T MBD I  •  ACRE      C 

GRHCIKAK,  IBK, JSI  -     GRMC I KAK , I BK , JS I  •  I  F MC  I  I  I iF MC  I  2 ) - T MCF I  •  ACRE  95  IFIACRE  .EQ.  0.01  GO  TO  96 

GC  TO  10  GR8DIKAK,  IBK, JS)  =  GRBO I K AK ,  I BK , JS  I  ♦ I  ( FBO I  1  )  -  BFMIlll  »  0.5)«ACRE 

67  PG8DIKAK,  IBK,  JS)  =  PGBD  I  KAK  ,  I  BK  ,  JS  I  ♦  FBOIl)  ♦  FB012I  -  TMBD  GRMC  I  K  AK  ,  1  BK  ,  J  S  I  =  GRMC  I  K  AK  ,  I  BK  ,  JS  I  »  I  I  FMC  (  1  )  -  CMllll  •  0.5HACRE 
PGMC(KAK, IBK, JSI  =  PGMC ( KAK , I BK , JS I  ♦  FMCIll  ♦  FMC(2I  -  TMCF  AC FNL I K AK , 1 BK , J S I  =  ACFNL I K AK , 1 BK , JS )  *  ACRE 

GC  TO  10  GC  TO  9  7 

C  96  PGBOIKAK,  IBK, JS)  =  PGBD 1 KAK , I BK , JS )  ♦  IF6DI1I  -  BFMIll)  »  0.5 

C  COMPUTE  FUTURE  UNTHINNED  UNOERSTORY  IF  OVERSIORY  IS  REDUCED  NOW.  PGMC I K AK , 1 BK , J S I  =  PGHC I KAK , 1 BK , JS I  ♦  IFMCIll  -  CMIlll  »  0.5 

C  PAFNIKAK,  IBK,  JSI  =  P  AFM  KAK  ,  I  BK  ,  JS  )  »  1.0 

70  IFCWORK  .LT.  <i.OI  GO  TO  85  97  BFVOL  =  IBFMll)  +  FED  I  1  )  )  •  C.5 
IFIWORK  .GT.  5.01  GO  TO  85  CFVOL  =  ICMIl)  *    F HC I  1 ) )  •  0.5 
1FIDBHI2I  .EQ.  0.01  GO  TO  85  IFIBFVOL  .LT.  COMBFIKAKII  GO  TO  99 

IFIKAK  .EO.  21  GO  TO  7<.  jqq  ^  BFVOL  •  (0.63821  ♦  28.99151  /  OBHllI) 

OHUS  =  0.88511  »  DBHI2I  ♦  1.29735  »  ALOG 10 1 HT 1 2  )  I  ♦  0.00119  «  OBHI  j(;q  ,  CFVOL  -  ADO 

12)  •  SITE  *    62.37174  /  BASI21  -  1.56975  IPUBO  . ,_  T .  COMCUI  ACD  -  0.0 

IFI0eHI2)  .GE.  ICO)  GO  TO  71  IFIACRE  .EC.  CO)  GO  TO  98 

ONUS  =  0.00247  «  0.00124  •  0BH(2)  ♦  0.C0028  •  0BHI2)  »  0BHI2)  ♦  0.  CUTB I  I BK , NTYP I  =  CUTB I  1 8K , NTYP I  ♦  BFVOL  •  ACRE 

100000521  •  B4S(21  •  BAS(2)  -  O.COOC905  •  DBH 1 2 )  »  RASI2I  PCCFN I  1 BK , NT YP )  =  POC FN ( 1 BK , NT YP I  ♦  (ACO  •  ACRE) 

IFIDNUS  .LT.  CO)  ONUS  =  CO  GC  TO  101 

ONUS  =  DEN(2I  ♦  (1.0  -  DNUSI  98  PC T6 ( I BK , NTYP I  =  PC TB ( 1 BK , NT YP I  •  BFVOL 

HNK  =  ONUS  ♦  0.5  PPFN ( 1 BK , NT YP I  =  PPFN ( I BK , NT YP I  »  ADD 

ONUS  =  HNK  GC  TO  101 

150  TO  72  99  IFICFVOL  .LT.  COMCU)  GO  TO  101 

71  ONUS  =  CENI2I  IFIACRE  .EC  COI  GO  TO  100 

72  BAUS  =  0.0054542  •  OHUS  •  OHUS  •  ONUS  PCC FN (  I BK , NT YP I  =  POCFN (  I  BK  ,NT YP )  •  CFVOL  •  ACRE 
HTUS  =  15.43021  ♦  1.1C7  »  HT(21  -  0.08637  •  AGE(2)  -  304.12172  /  S  GC  TO  101 

IITE  -  0.02447  •  SITE  *  B«S(2)  /  100.0  100  PPFN I  I BK , NT YP )  =  PPFN ( I BK , NT YP )  •  CFVOL 

D2H  =  DHUS  »  OHUS  •  HTUS  101  IFIwORK  .GT.  5.01  GO  TO  105 

IF(02H  .GT.  6000.0)  GO  TO  73  IFIACRE  .EC  CO)  GO  TO  102 

VLUS  =  10.00225  •  02H  -  0.00074  •  BAUS  ♦  C03711I  •  ONUS  GRBO  I  K  AK ,  1  BK ,  JS  I  =  GRBD  I  KAK ,  I  BK ,  JS  )  *  IFBCI2I  -  BFMI2I  <■    BOUS 
GC  TO  77 

73  VLUS  =  10.00247  »  D2H  ♦  0.00130 
GC  TO  77 

74  OHUS  =  0.2631  ♦  0.95287  »  DBH(2I 
162  /  BAS(21 

IF(DBH(2I  .GE.  10.01  GO  TO  75 
ONUS  =  0.05285  -  0.01346  •  DBH(2I 
10000066  •  BAS12I  •  BAS(2I  -  C 
IFIDNUS  .LI.  0.01  ONUS  =  CO 
ONUS  =  CEN12I  •  ( 1.0  -  DNUSI 
MNK  =  ONUS  ♦  0.5 

ONUS  =  HNK  C 

GO  TO  76  C  GET  VCLUHE  IF  THINNED  NOW  AND  IF  THINNED  IN  TIHE  YEARS. 

75  ONUS  =  DENI2I  C 

76  BAUS  =  0.0054542  •  DHUS  •  OPUS  •  ONUS  K  -     1 
HTUS  =  14.57349  ♦  l.lOl  •  HT(2I  -  0.09654  •  AGEIJI  -  333.37172  /  S  IFIWORK  .EC  6.01  K  =  2 

IITE  -  0.04321  •  SITE  •  eAS(2l  /  100.0  DO  110  1=1,2 

VLUS  =  0.50  •  BAUS  •  HTUS  »  16.96  REST  =  CLEVIKAKI 

77  IFIDHUS  .LT.  5.01  GO  TO  85  IFIl  .EC  21  GO  TO  106 
KNO  =  1  IFIDBHIKI  .EQ.  0.01  GO  TO  110 
BAIl)  =  BAUS  IFIDBHIKI  .LT.  6.01  REST  =  THINIKAKI 
VCHI 11  =  DHUS  OBHO  =  DBHIKI 
CALL  VOLS  DENO  =  DENIK) 
BDUS  =  VLUS  •  PRODI  1)  •  0.001  GO  TO  107 
CHUS  =  VLUS  •  FCTRIll  •  0.01  106  IFIFDHIKI  .EQ.  0.01  GO  TO  110 


ONUS 
-  0.08637  • 
100.0 

AGE(2)  - 

304. 

12172 

•  BAUS  ♦  C 

037111  • 

ONUS 

t  BAUS  -  1. 

402861  • 

ONUS 

♦  0.0016  • 

DBH  12)  • 

SITE 

♦  16 

1  ♦  0.00226  •  DBHI2)  *  DB 
01931  •  D6HI2)  •  BAS(2) 

H(2  1 

GRBD(KAK, IBK, JS) 

= 

GRBDIKAK, 

,IBK, 

,  JS) 

t 

IFBCI2I 

-  BFMI2I 

IM( 21 1  •  0.5  •  ACRE 

GRHC(KAK, IBK, JSI 

= 

GRHCIKAK, 

1  IBK, 

,JS) 

♦ 

IFHCI2) 

-  CH(2I 

12)1  •  0.5  »  ACRE 

GO  TO  10 

102  PGBOIKAK, IBK, JS) 

= 

PGBOIKAK, 

,  IBK, 

,JS> 

+ 

IFBDI2I 

-  BFHI2I 

IHI 21 1  •  0.5 

PGMCIKAK, IBK,JS) 

= 

PGHC IRAK , 

,  IBK 

,  JS) 

* 

IFHCI2I 

-  CM(2I 

121)  •0.5 

GC  TO  10 

105  HKll  =  SIORl 

HT(2I  =  SI0R2 

IFIFOH(KI     .LT.     6.0)     ftESI     =     TMINIKft 
CPfO    =     FCM{KI 
OFNO     =     F0N(K1 

\0I    CALL     CUTS 

THa(  [  >    =    mST 

I^^'l  1  1     =     DDHI 

IF  I  I     .fcC.     1)     SSVE    =    PREI 

IFI  1     .EC.     2)     HTIK)     =     FHTIK) 

IFIKJK    .Eu.    ?l    GO    TO     10<) 

HIIKI  •  HT(KI  ♦  7.6<.833  -  J.e2?86 

TC"  =  TB4(11  /  I0.005'.5<.?  »  lUHIII 

n?H  =  TOM(  I  I  •  TCHI  II  •  HT IKI 

IFI02H  .CI.  6CC0.0I  GC  TO  lOfi 

TVL(1>  =  10.00225  •  C12H  -  O.CC07<. 

CC  TO  I IC 

lOB  TVLIIl  =  IC.0C2'.7  •  02H  t  O.C0130 
GC  TO  110 

lOS  TVLIIl  =  0.5C  •  TBA(I)  •  HIIKI  ♦  16.96 

110  CONTINUE 
C 

c  c^^v^RT  total  cu.  ft.  to  other  umts. 
c 

IFITD>fl2l  .LT.  5.01  CO  TO  120 
KNC  =  2 
BK  1  I  =  TBal  1  I 
0ai2l  =  TBa(2l 
VCMI  1  I  =  TDM  1  I 
VCMI2I  =  TCH12) 
CALL  VOLS 
OC  117  1=1,2 

IFITVLI II  .EC.  0.01  GO  TO  117 
TBDIII  =  TVLIIl  •  P«00(1I  •  cool 
TCHIII  =  TVLIIl  •  FCTRIII  •  0.01 
117  CONTINUE 


ALOGIOIPHET 1 

mm  1  M 

THAI  1  1  « 

C 

0171 1 1 

. 

Ity 

I8AI 1 1  - 

1 

<.02n6l 

. 

TEf 

114  ThH  =  IFHOIKI  -  TBDI2I  •  BFNIKl  -  TBOIllI 

THC  =  IFMtlKl  -  TCHI21  ♦  CMIKI  -  ICHIIll  • 

iriThC  .LT.  C(:"R''IKAK  I  1  GO  TO  l^-u 

ACn     =     THB     •     I0.61H2I     ♦     2fl.')')l'jl     /     OHHIKII 

ACr;     =     IHC     -     ACC 

IFIACO  .LT.  COWCUI  ACB  =  O.C 

IFIACRE  .FO.  C 

BFTHI IBK.NIyP) 

CMHI  IBK.NIYP  I 

OPENI IBK.NTYPl 

or  TO  10 
111  PBFT  I  IbK.'ITYPI 

PrKTI IBK.NTYPl 

PTPNl IRK .NTYP 1 

GC  TC  10 
1<.0  IFIThC  .LT.  COMCUI  GO  TO  145 


CI  GO  Til  \^1 

.  RF  IHI  IBK.'IIYPI 

•  1  T  M  B 

<  ACRFl 

=  CMIHI  IBK.MIYP 1 

♦  lAOO 

•  ACBEI 

=  IIPFNI  IBK.NTYPl 

♦  ACRE 

=  PBFTI  IBK.MTVP 1 

*  THB 

=  PC"TI  IBK.NTYPl 

♦  AOI) 

IFIACRC  .EC.  0, 
CI-THI  IBK.NTYPl 
OPFNI IBK.NTYP I 
GO  TC  10 
PCI"!  I  IPK.NTYPI 
PrPNI IIK.NTYP I 
CC  TO  10 


0  1  GO  TO  14  1 

=  CMIHI IBK.NIYPI 

=  OPENI IBK.NTYPl 

=  PCHTI IBK.NTYPl 
=  PnPNI IBK.NIYPI 


ITHC 
ACRE 


IHC 
1.0 


C  ^AKe  RECORC  OF  NONCOMMERCIAL  THINNINGS. 
C 

1<,5  IFIACRE  .EC.  C.OI  GO  If  146 

HELPI  IBK.NTYP  I  =  HFL P I  I  BK  .  N I YP  I  f     ACRE 
GO  TO  10 
146  PFLPI  IBK.NTYPl  =  PHLP  I  I BK , N T YP I  *     1.0 
GC  TO  10 
C 
C  THIS  ENDS  PROCESSING  OF  INOIVinuAL  INVENTORY  RECORDS. 


C  GET  STATUS  AT  END  OF  PERIOD  OF  A  PLOT  THINNED  AT  START  OF  PERIOD. 


C  COMPUTE  TOTAL  VOLUMES  BY  hORKING  GROUP,  BLOCK.  AND  AGE  CLASS. 


120  J  =  T IHE  /  RINT 
HTIll  =  STORl 

IFIK  .EC.  21  HTI  1  I  =  ST0R2 
IFIKAK  .EU.  21  GO  TO  128 
DC  125  I=l,J 

IFITBAIl)  .16.  0.01  GC  TO  125 

HTIll  =  HTIll  •  7.64931  -  3.82286  •  ALCGICISAVEI 

FCMIll  =  1.00'37«TDH(  1  l-,0.0096*SITe-1.5766«ALOGIOITBAI  1  I  1*1.  1021 
FHTIll  =  15.43021  *  1.107  •  HTIll  -  0.08637  •  AGEIKI  -  104.12172  / 
ISITE  -  0.02447  •  SITE  •  TBAIl)  /  100.0 
MNK  =  ITBAIll  /  10.0054542  •  TDM  I  1  I  »  TDMIllll  »  0.5 
IFITCMI  1  )  .LI.  10.01  GC  TO  121 
FCNI  1  I  =  MNK 
GC  TO  122 

121  FCNIll  =  0.00247  t  0.C0124  •  TDM  I  1 )  t     0.CC028  >     TDMIll  t     TOMIll  ♦ 
10.C0000521  •  TBAIll  •  TB4I1I  -  0.0C00905  •  TDMIll  <•  TBAIll 

IFIFONIll  .LT.  C.OI  FDNIll  =  0.0 
TEM  =  MNK 

NKM  =  TEM  •  11.0  -  FCNIllI  t     0.5 
FCNI II  =  NKM 

122  FBAIll  =  FDNIll  •  0.CC54542  •  FDMIl)  »  FDMIll 
TCMl  1)  =  FDMI  1  1 

TGAI  1 1  =  FPAI  1  I 
HTI  1  I  =  FHTI  1 1 
ACEIKI  =  AGEIKI  «  RINT 
125  CONTINUE 

02H  =  FDMI  1  I  •  FDMI  1  I  •  FHTI  I  I 

IFI02H  .GT.  60C0.0I  GO  TO  127 

FVLIll  =  10.00225  «  D2H  -  0.CC074  «  FBAIll  •  C. 037111  •  FDMll 

GC  TO  132 

127  FVLIll  =  10.00247  •  n2H  ♦  0.0C130  «  FBAIll  -  I.402B6I  »  FDNIll 
GC  TO  132 

128  00  131  1=1. J 

IFITBAIll  .LE.  0.01  GO  TO  111 

FCMIll  =  1.0222»TDMI 1 1*0.0151*51 TE-1.2417«ALCG10ITBAI 1 M»2. 145 
FHTIl)  =  14.57349  ♦  1.101  •  HTIll  -  0.09654  •  AGEIKI  -  333.37172  / 
ISITE  -  0.04321  •  SITE  •  TBAIll  /  100. 0 
IFITOMI  11  .LT.  IC.OI  GO  TO  129 

MNK  =  ITBAIll  /  10.0054542  •  TDMIll  •  TDMIllll  •  0.5 
FCNI 11  =  MNK 
GC  TO  130 

129  TEH  =  0.05285  -  0.01346  •  TDMIll  .  0.00226  •  TDMIll  t  TOMIll  »  0.0 
1000065  «  TBAIll  •  TBAIll  -  0.0001911  •  TDMIll  •  TBAIll 

IFITEM  .LT.  0.0)  TEH  =  0.0 

HNK  =  FCNIll  •  II. 0  -  TEH)  ♦  0.5 

FCNIll  =  MNK 

130  FBAIll  =  FCNIll  •  0.CC54542  •  FDMII)  •  FOMIll 
TDMl  1)  =  FOHl  1  I 

TBAl  II  =  FBAI  1  1 

HTI  1  I  =  FHTI  1  I 

ACEIKI  =  AGEIK I  »  RINT 

111  CONTINUE 

FVLIll  =  0.50  •  FBAIll  •  FHTIll  »  15.96 

112  IFIFCMIll  .LT.  5.01  GC  TO  134 
C 

C  CONVERT  TOTAL  CU .  FT.  TO  OTHER  UMTS. 
C 

KNO  =  1 

en  1  )  =  FBAI  1  1 

VCMI  1)  =  FDMI  1  ) 

CALL  VOLS 

fTBO  =  FVLIll  •  PRODIl)  •  0.001 

FTCM  =  FVLI 1  I  •  FCTRI  11  •  0.01 

IFIACRE  .60.  0.01  GO  TO  133 

GRBOIKAK, IBK, JSI  =  GRBO I K AK  ,  I BK , JS I 
101 1) )  •  0.5  •  ACRE 

GRHCIKAK, IBK, JS)  -  GRHC I KAK . I BK , JS ) 
1111)  •  0.5  •  ACRE 

GC  TO  134 
133  PGBDIKAK,  I8K, JSI  =PGBOIK»K,  IBK,JS)«IFBDIKI-BFMIKl*FrBD-TBDIll)«0.5 

PGMCIKAK, IBK, JS)  =PGHCIK4K, I BK , J S I ♦ I FMCI K )-CM I K ) ♦FTCM-TCH I  1 1  1 'O . 5 
C 
C  ASSIGN  THINNINGS  TO  BD.  FT.  OR  CU.  FT.  TOTALS,  IF  COMHERCIAL. 


IFBOIKl  -  RFMIK I  •  FTBC  -  TP 
IFMCIKI  -  CMIKI  ♦  FTCM  -  TCM 


150 

or  159  I=1,NHGP 

CC  159  J=1,NB 

K  =  1 

IFI I  .EC.  2) 

K  =  6 

IFI PSPLTI J.K  1 

.EO.  0.0)  GO  TO 

152 

TEM  =  PARTYIJ 

.K  1  /  PSPLTI  J.KI 

CC  151  MNK=1. 

3 

PGBOI I . J. MNK 1 

^  PGBDI  I  .J.MNK 1 

* 

TEM 

PCMCI  I  .J,  MNK 1 

=  PGMCI  I .J.MNK  1 

• 

TEM 

PPBFI  I  .J. MNK) 

=  PPBF 1  I  .J.MNK 1 

* 

TEM 

PPTC 1  I  .J. MNK 1 

=  PPTC 1  I .J.MNK  1 

* 

TEM 

PPMC 1  I  .J, MNK  1 

=  PPMC 1  I  , J.MNK 1 

« 

TEM 

151 

CCNT INUE 

152 

K  =  K  ♦  1 

IFIPSPLTI J,K 1 

.EC.  0.0)  GO  TO 

154 

TEM  =  PARTYIJ 

,K1  /  PSPLTIJ.KI 

DO  153  MNK=4, 

5 

PGBDI  I . J. MNK  ) 

=  PGBDI I .J.MNK 1 

* 

T6M 

PCMCI 1 .J. MNK) 

=  PGMCI 1 .J.MNKl 

» 

TEM 

PPBFI  1 . J. MNK  I 

=  PPBF 1  I  .J.MNK 1 

• 

TEM 

PPTC  1  1 . J. MNK  1 

=  PPTC 1  I . J.MNK 1 

* 

TEM 

PPMC 1  I .J. MNK  I 

=  PPMC 1  I  .J  .MNK  1 

* 

TEM 

153 

CONTINUE 

154 

K  =  K  +  1 

IFIPSPLTI J.K ) 

.60.  0.01  GO  TC 

156 

TFM  =  PARTYIJ 

.Kl  /  PSPLTI J.KI 

DO  155  MNK=6. 

10 

PGBDI I .J. MNK ) 

=  PGBDI  I .J.MNK  ) 

t 

TEM 

PGMCI  1  .J. MNK  1 

=  PGMCI  1 .J.MNK  ) 

* 

TEM 

PPBFI 1 , J.MNK 1 

=  PPBFI  I. J.MNK 1 

V 

TEH 

PPTC 1  I  . J.MNK 1 

=  PPTCI 1 .J.MNK) 

* 

TEM 

PPMCI  I .J.MNK  1 

=  PPMC  1  I . J .MNK 1 

« 

TEM 

155 

CONT INUE 

156 

K  -  K  t  1 

IFIPSPLTI J.K  ) 

.60.  0.01  GO  TO 

158 

TFM  =  PARTYI J 

K )  /  PSPLTI J.K  I 

00  157  MNK=1 1 

14 

PGBOI  I  , J.MNK  1 

=  PGBDI 1 , J.MNK 1 

» 

TEM 

PCMCI  1  .J.MNK  1 

=  PGMCI  1  .J.MNK ) 

* 

lEM 

PPOF 1  I  .J.MNK  1 

=  PPBF 1  I . J.MNK 1 

« 

TEM 

PPTCI  1  .J.MNK) 

=  PPTCI I .J.MNK 1 

* 

TEH 

PPMCI I . J.MNKl 

=  PPMCI 1 .J.MNKl 

« 

TEH 

157 

CONTINUE 

158 

K  =  K  ♦  1 

IFIPSPLT IJ.K 1 

.EC.  O.ei  GO  TO 

159 

TEM  =  PARTYIJ 

K 1   /  PSPLTI J.K 1 

PGBDI I. J. 151 

=  PGBUI I .J.  151  > 

TE 

M 

PGMCI I .J. 151 

=  PGMCI I , J, 151  • 

TEM 

PPBFI 1 .J. 151 

=  PPBFI  I  .J.  15)  » 

TEM 

PPTCI I .J, 151 

=  PPTCI  I  .J, 151  « 

TE 

M 

PPMC 1  I .J. 15) 

PPMC 1  I  .J.  15 1  9 

TEM 

159 

CONTINUE 

DC  165  I=l.NyGP 

nC  165  J=l.NflK 

CC  165  K=l, 15 

GRB0(1,J,K)  = 

GRBDI  I  .J.KI  >  ?!■ 

B  D  1  I  .  J  ,  K  1 

GRMCIl.J.K)  = 

GRMC  1  1  . J.K  1  •  PCMC  1  1 .J.K) 

PTBFI  1  ,  J.K  1  = 

PTBFI  1.  J.K  1  •  PPHf 1  I .J.KI 

PTCUIl.J.K)  = 

PTCUI I , J.K )  ♦  PPTC 1  I .J.K ) 

PTMCI I . J.K )  = 

PTMC  1  I  .  J.K  1  ♦  PF 

Mr  11  .J.KI 

165 

CONTINUE 

C  COMPUTE  TOTAL  VOLUMES  BY  BIOCK  AND  TYPE. 


or  174  I  =  1.NV(CP 
i:C  174  J=1.NBK 


K  =  1 

IFIl  .IC.  21  K  =  5 

CC  1 70  MNK =1.3 

BFTBI J.K)  =  BFIBl J.K) 

CFTBI J.K)  =  CFTBI J.K 1 

CMTBl J.K)  =  CMTBI J.KI 

K  =  K  •  I 


PTBFI I , J,MNKI 
PTCUI  1  .J.MNK) 
PTMCI  I  .J.MNKl 


DC  171  ^ 
BFTBIJ.K 
C  F  I  B  (  J  ,  K 

171  cvrei J,K 


BFTBI J.K I 
CFTB(  J.K  1 
CTBt  J.K  I 


PIBF  I  I 
PTCUI  1 
PIUC  (  [ 


,PNK  ) 
,^'NK1 
,  ^KK  ) 


OC  m    CNK=6. 10 
BFTBIJ.K I  =  BFTBIJ.K) 
CFTBl J.K  1  =  CFTBl J.K  1 
172  CHTB(  J.K  I  =  C^'TB(  J.K) 


PTBF  1 
PTCL  1 
PTMCl 


■NKl 
'NKI 


K 


1 


OC  173  MNK=1 1. !« 

BFTBIJ.K)  =  8FTB( J.K) 

CFTBl J.K)  =  CFT8( J.K  ) 
173  CCTBIJ.K)  =  CMTBIJ.K) 

K  =  K  *  1 

RFTRI J.K  1 

CFTBl J.K  1 

Cf TBI J.K)  =  CHTBI J.K) 
17<.  CONTINUE 


BFTBIJ.K 
Cf TBI J.K 


PTBF  I  1 
PICb (  I 
PTMCl  1 

PTBF  I  I 
PTCUI I 
PT'^CI  1 


.15) 
.151 
.15) 


COCPUTF  TOTSL  VOLUMES 


unPKlNG  GROUP  4N0  AGE  GLOSS. 


OC  180  1=1,NWGP 

OC  180  J=1.NBK 

OC  180  K=l  , 15 

aPFAGIl.K)  =  aBFiGll.KI  .  PTPFIl.J.K) 
IflO  JSMCACIl.Kl   =  JMCaCII.KI   »  PTMCIl.J.K) 
G 
C  CCNVERT  WORK  TCIOLS  TC  AREAS  AND  VOLUMES  BY  BICCK  AND  TYPE. 


OC  185  1= 

.NBK 

OC  185  J= 

.  12 

IFIPSPLTI 

,JI  .EQ. 

0. 

0) 

GO  TC  185 

TEM  =  PJRTYI  1  ,  J  )  / 

PSPLTI I .J) 

PPFTI I.J) 

=  PBFTII 

TEM 

PCMK  I.J) 

.  PCMTI  1 

TEH 

PCTAI I, J) 

=  PCTAI I 

TEH 

PCTBI I.J) 

=  PCTBII 

TEM 

PHIPI 1. J ) 

-  PHLPI  I 

TEM 

PCPNI  I. J  1 

=  POPNI I 

TEM 

PPFNI  1 .J  1 

=  PPFNI  1 

TEM 

PPCRl  I.JI 

»  PPCRl I 

TEM 

PSLVI  1 . J  ) 

=  PSLVI I 

TEM 

PUNCI I.JI 

=  PUNCI I 

TEM 

185  CCNTINUE 
C 
C  COMPUTE  TOTAL 

VOLUMES  OF 

BLOCKS  AND  H 

DC  186  1=1. NBK 
OC  186  J=l.l? 


PFTHI  I, 
CMTHI 1 . 
CUTAI  I  , 
CUTBl  !  . 
HELPI  1. 
OPENI 1, 
PCCFNI  1 
PCCFRI  I 
SLVGI I . 
UNCMLI I 
186  CCNTINU 

on   140 

00  190 
BFBLKI  1 
CFMERI  1 
SSPT  = 
SUNC  = 
IMPO  = 

190  TCFl  I  ) 
DC  200 
CO  200 

200  TMBR  = 
OC  210 
SBDF  = 
SCFM  = 

210  STCF  = 


BFTH(I.J)  » 

CMTH(I.J)  ♦ 

CUTAI I.JI  » 

CUTBII.J)  • 

HELPI  I.JI  ♦ 

DPENIl.Jl  ♦ 

POCFNI I , J) 

PCCFRI I.JI 

SLVGII.J)  ♦ 

UNCMLI I.J) 


PBFTI I 
PCMTI  1 
PCTAI  I 
PCTBI 1 
PHLPI 1 
POPNI 1 

♦  PPFN 

♦  PPCP 
PSLVI 1 
»  PUNC 


=  l.NB 
=  1.12 


BLKI  I  1  »  BFJ6I  I .J 
MERI  1  )  •  CMTBI  I.J 

SPLTII.l) 

UNCMLI I .J) 

SARETYI  1  .  J  ) 
1 1  t  CFTBl I.JI 


I  I  .J  1 
I  I  ,  J) 


BFBLKI I ) 
CFMERI  1  I 
TCFl  I  ) 


C  COMPUTE  BLOCK  VOLUMES  BY  WORKING  GROUP. 


DC  220  1=1. Nf 
DC  220  J=1.5 
K  =  J  ♦  5 
BFSPI l.I )  =  S 
BFSPI2,I  )  =  I 


FSPI  1.  I  1 
FSPI2. I ) 
CMSPI l.I)  =  CMSPI  1,1) 
CMSPI2.  I  )  =  CMSPI2. I  1 


TCSPI  1.11 
220  TCSPI 2.11 


TCSPI  l.I) 
ICSPI2.  I ) 


BFTBI I , Jl 
BFTBI I.KI 

CMTBI  I.JI 
CMTBI I .K ) 
CFTBl I.JI 

CFTBl  I  .K) 


C  COMPUTE  VOLUMES  BY  WORKING  GROUP. 
C 

CC  230  I=1.NWGP 

on  230  J=l.NflK 

S6FI  I  )  =  SBFI  I  )  t  BFSPI  I.JI 

SMCI  II  =  SMC  I  I  )  •  CMSPI  I.J) 
230  STCI 1 1  =  STCI 1 1  ♦  TCSPI I.J) 

DC  238  1=1. NBK 

238  PABRIII  =  PARTYII.ll)  •  PARTYII.121 
C 

C  SUM  ACRES  BY  WORKING  GROUP,  BLOCK,  AND  SITE  CLASS. 
C 

DC  2'.0  1=1. NBK 

TEM    =    PSPLTII.UI     .    PSPLT1I.12) 

IFITEM     .EO.    0.01    GO    TO    2<.0 

OC    239    J=1.10 

PBRSIII.J)    =    PBRSIII.JI    •    IPABRIll    /    TEM) 

239  CCNTINUE 
2A0    CCNTINUE 

OC    2',1     1=1, NBK 


IT     2<.l     J=1,1C 
2'.!     OA^SI  I  I  ,  J  )     =     n 

rr   250    i=j.NDK 
nr    250   j=i.5 


PBRSI  I  1  , Jl 


T  P  |i  I  1  ,  1  ) 
250     TPIll  2.  I  1 


IPP 1  1,  11 
I  P  B  I  2  ,  I  ) 


PSPLTI 1 , Jl 
PSPL  Tl  1  ,KI 


C  CCMPUTE 


<£»'-. 


WORKING  GROUP.  BLOCK 
0.0)  GO  TO  299 


AND  SI TE  CLASS. 


I  F  I  T  H  I'  tt 

rr  261   1  =  1. NBK 

LC  2tl  J=1,1C 

IFITPBIl.n  .EO.  0.0)  GO  TO  260 

PASIIl.l.Jl  =  PASPIl.II  »  P5I1.I.J)  /  IPBIl.l) 

260  lFITPHI2.n  -EC.  0.01  GO  TO  261 
PASII2,1.J1  =  PASPI2.I)  •  PSI2,I.J)  /  TPBI2.n 

261  CCNTINUE 

ur  262  l=l.NWGP 
nr  262  J=l,5 
nc  262  K  =  1  ,  10 

262  «CSI(I,J,KI  =  4CS1II,J,K1  •  PASM1,J,K) 
C 

C  COMPUTE  AREAS  KY  COMBINATIONS  OF  WORKING  GROUP.  BLOCK,  AND  AGE. 
C 

DC  271   I=l,NWtP 

DC  270  J=1.NPK 

DC  270  K=  1. 15 

IFITPBII.J)  .EO.  0.01  GO  TO  270 

PAFNII.J.K)  =  PASPIl.JI  4  PAFNII,J,K1  /  TPBIUJl 

P»RG1I,J,K1  =  PASPIl.JI  •  PaRGIl,J,Kl  /  IPBII.Jl 

270  CCNTINUE 

271  CCNTINUE 

OC  272  l=l.NWGP 

Cn  272  J=1.N8K 

CC  272  K=  1.  15 

ACFNLIl.J.Kl  =  ACFNLII.J.K)  ♦  PAFNII.J.K) 

272  ACRGNII.J.KI  =  ACPGNII,J.K)  t  PARGII,J,K1 
C 

C  COMPUTE  PERIrCIC  ANNUAL  INCREMENT. 
C 

DC  280  1=1,NWGP 

nr  280  J=1.NRK 

or  2ao  K  =  i.  15 

PAIBOIII  =  GRBOII.J.Kl  »  PAIBOIII 

PAICUIll  =  GRMCII.J.Kl  «  PAICUin 
280  CONTINUE 

DC  281   1=1.NWGP 

IFI T IME  -FC.  0.01  GO  TO  281 

PAIBDI  I  I  =  PAI80I  I  )  /  T IHE 

PAICUI  1  )  ■  PAICUI  1  )  /  TIME 
28  1  CONTINUE 
C 

C  PRINT  PAGE  TYPE  7  -  WORKING  GROUP  AND  BLOCK  VCLUMES. 
C 

299  WRITE  16,300) 

300  FORMAT  I  1 H  1 .////, 60X ,  1  IHPAGE  TYPE  7) 
WRITE  I6,3C1) 

301  FORMAT  I  1  HO,  /  /  ,  <.7X  ,  36HV0LUHE  S  OF  BLOCKS  AND  WORKING  CIRCLE) 
WRITE  (6,302)  (FORETl  1  I.  1  =  1.31 

302  FORMAT  I  IH  ,  5'iX.3A8) 
WRITE  16,3031 

303  FORMAT  (  IHO.  /  /  .  1  3X  ,  2'.HT0T  AL  PINE  WORKING  GRCUP  .  1  7X  .  26HTCT  AL  SPRUCE 
1  WORKING  GROUP, 19X,21hT0TAL  VOLUME  OF  BLOCKl 

WRITE  I6.3041 
30<.  FORMAT  IIH  ,  5H6L0CK  ,  3X  ,  5HT0T  AL  ,  8X  .fcHMERCH.  .  1  1  X  .  IHM  .  1  1  X  ,  5HT0T  AL  .  8X  . 
16HMERCh..  1  IX.  IHM,  1  IX  .  5HT0TAL  ,  SX  ,  6HHERCH.  .UX,  IHK) 
WRITE  16,3051 

305  FORMAT  IIH  .  1 X . 3HNn. . 3X . 7HCU.  FT..7X,7HCU.  FT.,7X,7HB0.  ET.,7X,7HC 
lU.  FT.,7X,7HCU.  FT.,7X.7HBO.  FT..7X.7h:u.  FT..7X.7HCU.  FT..7X,7HBD 
2.  FT. .//I 

no  307  1=1, NBK 

WRITE     16,3061     I,TCSPI1,M.CMSPI1,I1,SFSPI1,II,TCSPI2,I),CMSPI2,I). 
lBFSPI2,II,TCFII).CFMERII).BFBLKin 

306  FORMAT     I  IHO .  1  X  .  I  2  .  1  X . 8  I F 1 1 .  1  .  3X 1  .  F  1  1  .  1  ) 

307  CCNTINUE 

WRITE  16. 308)  STCIll. SMC  111. SBFI1I,STCI21, SMC  12), SBFI2). STCF, SCFM, 
ISPOF 

308  FORMAT  I  IHO.  /  /  .  1  X  .  <,HSUMS  .  8  I  F  1  1  .  1  ,  3  X  1  .  F  1  1  .  I  .  /  / // /  /  1 
WRITE  16.309) 

309  FORMATI  IHO.  10X.<,7HCUBIC  FEET  IN  HUNDREDS.  BCARO  FEET  IN  THCUSANOSI 


C  PRINT  PAGE  TYPE 


TYPE  AREAS  AND  VCLUMES. 


WRITE  16.319) 

319  FORMAT  I 1H1,//,60X, 1 IHPAGE  TYPE  81 
WRITE  16,320) 

320  FORMAT  I  1  HO, / , 39X , 52H TOT AL  AREAS  AND  VOLUMES  CE  BLOCKS  ANO  WORKING 
1  CIRCLE) 

WRITE  16,3021  I  FORETl  I  ),  1  =  1,31 
WRITE  (6,3211 

321  FORMAT  I1HO,5HOLOCK,7X,'.HTYPE,12X,5HTOTAL,12X.5HTOTAL,12X.6HMERCH. 
1,  13X,  IHM. 13X,5HACRES.  1  I  X , 6HNUHeER I 

WRITE  16.322) 

322  FORMAT  IIH  ,  IX , 3HN0. , 9X , 3HN0. , 1 2K . 5H4CRE S . I  1 X . 7HCU.  F T . . 1  1  X , 7HCU . 
1FT.,9X.7H6D.  FT..9X,eHL0W  S I TE , 7X , lOHOF  RECORDS. //I 

00  325  1=1, NBK 
OC  325  J=l,12 

WRITE  16.323)  I. J.  SARETYI  I.JI. CFTBl I.JI. CMTBI I.JI. BFTBI  I.JI. UNCMLI 
1  I . Jl .SPLTI I, J  I 

323  FORMAT  IIH  ,  1 X ,  I  2 , 1  OX ,  I  2 , 9X , 5  I F 1  1 . 1 , 6X 1  , F6 . 0 ) 
IFIJ  .LT.  121  GO  TO  325 

WRITE  I6,32<.) 
32<.  FORMAT  I  IHO) 

325  CCNTINUE 

WRITE  (6,326)  TMPO , S TCF , SCFM , SBDF , SUNC , S SPT 

326  FORMAT  I  1  HO , 6HT0T AL S ,  1  8X  ,  5  I F 1  1 . 1 . 6X 1 . F6. 0 ) 
WRITE  16,309) 


C    PIINT    PnCE    IlfPC    <>    -    SReSS    hV    SITE    IMEX    ciass. 

c 

WRITE  If, 3?4I 
32'J  Fr»W«T  I  IHl, ////,60X,  1  1HP4GE  lYPF  9  1 

WRITE  I6,n01 
no  FCRV4T  (  l(-C,/,<.6«,'.0hCI  STKIHUTION  OF  ORFU  flv  SITC  INDEX  CLSSSI 

WRITF  (6,  5021  I  FllRtll  11,1=1,31 

WRIT t  I6,3!l 1 
i3l  FORHST  I  IHC,//,  10X,'iH0LnCK,  ICX,  lOHSI  TF  1  NCE  X  ,  1  OX  ,  1  JHACRES  FF  PINE, 
llOX,  15HACRES  OF  SPRUC  E  ,  1  OX  ,  I  CHOE  FORE  S  TET  /  IH  ,  <.«.  X  ,  I  3HWER  K  I  NG  GRCUP, 
2UX,  13HWGRKINC  GRCUP,  14X,5HaCRES,//l 

or  333  1=1, NBK 

Cn  333  J=l,10 

fNK  =  J  •  10 

WRITE  16,3321  I ,MMK,ACS1  I  1, 1  , Jl  .«CS1  12,  I  ,  Jl  ,P4RS1  (  1  , Jl 

332  ECRMiT  IIH  ,  lOX  ,  I  2  ,  16X  ,  I  3  ,  1  4  X  ,  F  1  0  .  1  ,  1  <.  X  ,  F  1  0  .  1  ,  1  2  X  ,  F  1  0  .  1  1 
IFIMSK  .LT.  ICO)  CO  TC  333 

WRITE  I6,32<.1 

333  CCNTINUE 

WRITE     (6,!3<>1     SHSPI  II  ,SHSP|  21  ,Si>flRF 
33<,     FrRMST     I  IHO,//,  10X,5HTriTaL,2'*x,F  12.1,  I2X,F  12.  1  ■  I0X,FI2.  1  1 
RETURN 
END 
SURROUTINE    CO«L 


r'F     SIT!     CLASSfS     INCLUPEU     IN    GTALS. 


TC    COMPUTE    GROWING    STOCK    NEEDEO    TO    ^'EET    MONSGFMENT    OBJECTIVES. 


cunt  III    =    CO 

STACF 111=    0.0 

SIPACI  I  1     =     O.C 

VLi'Fl  II     =     C.C 
".0     VLCUI  I  1     =     0.0 
C 

C     LPfPUTt     LnnP     l\UEXf-S     FOR     NWMUFW 
f 

SITE     =     PCll.llKAKI 

KSI     =     PCfRlKAK I     «     U. 1 

KNF-     =     KSI     •     NSl  IKAK  1     -     1 

IFIKND  .GI.  101  KNn  =  10 
C 

C  ErjIER  FIILLOWINC  LCOP  PNCE  FOR  EACH  SITE  CLASS  OF  A  WORKING  GRCUP. 
C 

cr  2S3  KO^|  =  KSl,K^^ 

UUALIKAN 1  =  sit: 
C 

C  REAC  INITIAL  STANC  CCNOITIFINS,  CMC  SFT  OF  CARDS  PER  WCRKING  GRCUP. 
C  FIRST  CARD  IS  FOR  SITE  PCCRIKAKI.  PRCVIDF  MORE  THAN  NSI  CARDS  FTP  EACH 
C  WORKING  GROUP  SO  NO  SITE  CLASS  IS  UNPEFINED. 
C 

RFAD  l5,<iS)  AGFCDENCDBHP 
1.^  FCRHAT  I  3F'i.  I  1 

IFIAGFO  .FC.  0.0  .OR.  AGFC  .GT.  KOIAI  GO  TC  2fl 

IFI  AREAIKAK.KANl  .EO.  0.01  GC  TC  !•>/ 


lAG 
2TF 

3UT 


CMCN 
13,1 
1  5,  I 
A15, 


6,S 
7LA 


131 
2,A 
3>C 


,NSrtK 
RET 
NU,S 
Fl  31 
151  , 
,FNB 
DJI  3 
ENO 


ARFAG 
S 1 , ANC 
2I,BFM 
121 ,CU 
GRMCI 3 
(SI ,NS 
V15,20 
LVGI 5, 
iTHNI 
TI^•E■P 
CI  31  ,B 
1 ,ALGW 
REST.C 


■  151 
13,1 
H,CF 
15,1 
,151 
3  1  ,N 
SASS 
1,  SH 
,T''B 
FRI5 
NTI  3 
31, A 
T,B» 


,CVC 
RCWB 


PI  3  1 
CI  3  1 
R,  TM 
.  121 
1,PP 
LWBF 
ST,N 


(51  , 

KI51 
151 
L  ,DA 
I  31 
ENI  5 
BARB 
MSPI 
,  TYP 
OCFN 
131, 
1  ,90 


CSl  I 
AREA 
CFBF  ( 
TE  131 
GROWC 
,  121  , 
,  SBAR 
31, ST 

N^'(  20 
15,12 
TEM.f 
CAI  I  3 
LPI5, 


5,  101  ,ACSPI  3,51  , 
,101 ,BARS1 15,101 
101 ,CMTHI5,121 ,C 
LEV(31  .FINE  131  ,F 
1 iGVLBF I  31 ,GVLCU 
ORI  31  ,PRET,RAGE I 
SHABG,SflFI 31 .SHE 
1201  ,SUBBF 13,101 
OELAYI 3) ,ACFNL ( 3 
OPCU( 31 ,FNCUI 31 
.KNCFCTR  (21  ,PRC 
CUWAI  I  31  ,PAIBOI 3 
1 ,PA(2I 


ALLC 
,BFA 
OMBF 
ORET 
131, 
3,  10 
LTI  3 
SUB 
5,1 
CUIN 
DI21 
1  ,PA 


Fl  3, 
GEI  3 
131  , 
(31  , 


101  ,  A 
.  151  , 
COMCU 
GRBEll 


1  ,P1N 
I  ,SHW 
CF  (  3, 
51  ,  AC 
T  I  31  , 


NT  ,R 

ni3 

101 
CRGN 
AC  I 
,KAK,  \JCV 
ICUI 31 ,0 


.SU 
(  3, 

NT  I 


OI^'ENSION  ANODE  I  1511, ANC  UVI  1511  ,BnFC  (150I,BDFC(1501,6FSI151,CFMCI1 
150  1,CFHOI150I.CHSI151,EOIV(101,EOVCFII01,EACCFI101,FJCI101,OUALI10 
2),STACF(10I,ST0AC(101,VL8FIIC1,VLCU(10I,PCCUTI16) 

C 

C  ASSIGN  PARI  OF  OEFORESTEC  AREA  TO  EACH  WORKING  GROUP. 

c 

DC  2  1=1, NDK 

TEW  =  ACSPI 1,11  ♦  ACSPI2,  I  1 

IFITEH  .EC.  0.01  GO  TC  2 

FCNE  =  ACSPI  1,11  /  TEP 

ETWO  =  ACSPI2,I  1  /  TEf' 

CC  1  J=l,10 

ACSIIUI.JI     =    ACSI(1,I,JI     •     BARSIII,J1     •     FCNF 

ACSII2,I.JI     =     «CSII2,I,J1     »     eARSI(l,Jl     »     ETWO 

1  CCNTINUE 

2  CCNTIMUE 
C 

C  COUNT  NUNRER  OF  SITE  CLASSES  FOR  EACH  WORKING  GRCUP. 


C  rUIlALlZE  VARIABLES  RECOMPUTFO  FOR  EACH  SITE  CLASS. 
C 

AfTEM  =  O.C 

ACCHT  =  O.C 

PCAI  =  0.0 

CCFT  =  CO 

eFTEr  =  C.C 

CFAI  =  CO 

CFHT  =  CO 

CFTEN  =  CO 

HTCUM  =  0.0 

JPCFC  =  0 

JPCFO  =  0 

JPOFT  =  C 

JCFHC  =  0 

JCFMC  =  C 

JCEHT  =  0 

CC  50  1=1,15 

BFS(  I  I  =  CO 

50  CWS(  II  =  CO 
DC  51  1=1,150 
OCFCI  II  =  CO 
BCFOI  I  I  =  CO 
CF^■CI  I  1  =  CO 

51  CFMOI  1  I  =  CC 
CO  52  1=1, 151 
ANSOEI II  =  0.0 

52  ANCUVI  I  1  =  0.0 
DC  53  1=1,16 

53  PCCUTI I )  =  0.0 
Nl  =  AGEO 

N  =  AGEO 


.  0.01  GC  TO  15 
C.Ol  GO  TO  16 
COI  GO  TO  17 
0.01  GO  TO  18 
0.01  GO  TO  1") 
0.1 


CC  21  I=1,NWGP 

DC  10  J=1,NBK 

IFI ACSII  I, J,  ICl  .G 

10  CCNTINUE 
DC  11  J=1,NBK 
IFI  ACSK  I,  J,<)l  .GT 

11  CCNTINUE 
CC  12  J=1,NBK 
IFI ACSI ( 1, J,8)  .GT 

12  CCNTINUE 
CC  13  J=1,NBK 
IFI ACSI  I  I .J,  71  .GT 

13  CCNTINUE 
DC  1<,  J=I,NBK 
IFI ACSI  I  I,  J, 6)  .GT 

1<.  CONTINUE 
GC  TO  20 

15  NSI I  I  I  =  11.0  -  POORI  I  I 
GC  TC  21 

16  NSIII)  =  ICO  -  POORlll  •  0.1 
GC  TO  21 

17  NSI I  1  I  =  9.0  -  PCORI II  •  0.1 
GC  TO  21 

IB  NSII I  1  =  8.0  -  PCORI  I  1  •  0.1 
GC  TC  21 

19  NSI I  I  1  =  7.0  -  PCORI II  •  0.1 
GC  TO  21 

20  NSI  I  I  1  =  3 

21  CCNTINUE 

DC  25  1=1,NHGP 
DC  25  J=1,KBK 
DC  25  K=l,  10 
25  SARSPIIl  =  S4RSPII)  »  ACSIII,J,K1 

CC  RECAINDER  OF  SUBROUTINE  ONCE  FOR  EACH  WCRKING  GRCUP. 

DO  400  KAK=1,NWGP 
OC  35  1=1, NBK 
DC  35  J=l,  10 
35  ARfAIKAK,J)  =  »REA(KAK,J1  ♦  AC S I  I  K AK  ,  I  ,  J  1 

ZERO  VARIABLES  COHCON  TO  ALL  SITES. 

SACCF  =  CO 
SSTAC  =  C.C 
OC  40  1=1,10 
EClVI  I  1  =  0.0 
ECVCFI I )  =  0.0 
f ACCFI  I  1  =  0.0 
FACI  I  )  =  CO 


AGEO  -  1.50953 


C  CBTAIN  HTSC  ANC  TOTAL  CU.  FT.  PER  ACRE. 
C 

8AS0  =  CENO  *  0.0054542  »  OBHC  •  OBHO 

IFIKAK  .EC.  21  GO  TO  57 

IFIAGFO  .GT.  55.01  GO  TO  54 

HTSn  =  0.01441  •  AGEC  •  SITE  -  0.12162 

GC  TC  5  5 

54  HTSU  =  0.59947  -  61.5019  /  AGEO  .  0.80522  •  ALCGIOISITEl  <  20.5252 
18  •  ALOGIOISITEl  /  AGEO 

HTSO  »  10.0  ••  HTSO 

55  C2H  =  DBFO  «  DBHO  •  HTSO 
IFID2H  .GT.  6000.01  GC  TO  56 

TOTO  =  (0.C0225  •  D2H  -  0.CCC74  »  PASC  *  C.C37II1  •  DENO 
GC  TC  61 

56  TCTO  =  I0.C0247  »  02H  ♦  C.0CI30  •  BASO  -  1.402n61  •  DENO 
GC  TO  6  1 

57  IFIAGEC  .GT.  45.01  GO  TO  58 

HTSn  =  3.B611I  -  0.05979  «  AGEO  •  0.01215  •  AGEC  •  SITE 
GC  TO  59 

58  HTSO  =  0.33401  -  33.2866  /  AGEO  •  0.92341  «  ALCGIOISIIFl  ♦  6.27811 
!•  ALOGICI SITE  1  /  AGEO 

HTSO  =  10.0  •»  HTSO 

59  TCTO  =  0.50  •  PASO  •  HTSO  ♦  16.96 
C 

C  CONVERT  TOTAL  CU.  FT.  TO  OTHER  UNITS. 
C 

61   IFIDBHO  .LT.  5.01  GO  Tn  74 

KNO  =  I 

BAI 1 1  =  PASO 

VCfl 11  =  DBHO 

CALL  VOLS 

HCFOINl  =  TOTC  •  PflOni  1  1 

CFI-OINI  =  TOTC  •  FCIR  I  1  I 


C  COMPUTE  n.R.H 


AFTER 


INIT  I  AL  IHINMNG. 


74  REST  =  TH INI K AK ) 
CALL  CUTS 


C  ENTER  LOOP  FOR  ALL  REMAINING  COMPUTATIONS  AND  PRINTOUT. 


DHHT  •  PPHTI 1 
CENT 


or  184  1=1,100 

JCENT  ■  IBAST  /  10.0054542 

DENT  =  JCENT 

BAST  =  0.0054542  •  ORHT  •  DBHT 

IFIKAK  .EO.  21  GO  TO  94 

ACDHT  =  7.64833  -  3.82286  •  ALOGIOIPRETI 

HTCUP  =  HTCUM  »  ACDHT 

BTST  =  HTSO  ♦  ADDHT 

D2H  =  DBHT  •  ORHT  •  HTST 


IFIO^H    .GI.    60C0.01    GO    TO    80 
lOTT     =     10.002^5     •     D2H     -     O.CCC7<.     •     BUST 
GC    TO    100 
80    TTTI    =     IO.OCI2<i7    ■<    DJH    •    0. 00130    •    BOSI 

GC  TO  100 
q^  HTST  =  HTSO 

TCTT  =  0.50  •  B»ST  •  HTSI  ♦  16.<)6 
C 

C  CONVERT  TOTSL  CU.  FT.  TO  OTHER  UMTS. 
C 

100  IflDBHT  .LT.  5.01  GO  TO  120 
KNO  =  1 
60(11  =  BAST 
VCMIll  =  CBHT 
CALL  VOLS 

BCFT  =  TOTI  •  PROO(  1  I 
CFf'T  =  TCTT  •  FCTRI  11 
C 
C  CHANGE  MODE  AND  ROUND  OFF  FOR  PRINTING. 


C. 0171  1  1 
I. '.02861 


CENT 
DEM 


120  JCENO  =  CENO 

Jt-TSQ  =  HTSO 

JTCTO  =  TOTO 

JBASO  =  BASD 


0.5 
0.5 
0.5 
0.5 


JCFKO  =  CFHO(NI  •  0.5 

JBDFO  =  eDFO(Nl  •  0.1  •  0.5 

JBDFO  =  J6CFC  •  10 

JCENT  =  CENT  •  0.5 

JHTST  =  HTST  »  0.5 

JTOTT  =  TCTT  «  0.5 

JCENC  =  JOENO  -  JDENT 

JCFHT  '    CFHT  t  0.5 

CFNT  -  JCFfT 

IFIJCFKT  .GT.  JCFMOI  JCFMO 

CFMO(N)  =  JCFMO 

JBOFT  =  BOFI  t  O.l  ♦  C.5 

JBCFT  =  JBCFT  •  10 

BCFT  =  jeOFT 

BCFT  =  eCFT  •  .001 

IFIJBDFT  .GT.  JBDFOl  JBDFO 

BCFOINI  =  JBDFO 

eCFOlNI  =  eDfO(N)  •  .001 

JBAST  =  BAST  •  0.5 

JBASC  -    JBASO  -  JBAST 

JTOTC  =  JTOTO  -  JTOTT 

JCFHC  =  JCFMO  -  JCFMT 

IFIJCFMC  .LE.  01  JCFMC  =  0 

CFMC(NI  =  JCFHC 

JPCFC  =  JBCFC  -  J8DFT 

IFIJBOFC  .LE.  0)  JBDFC  =  0 

BOFCINl  =  JBDFC 

BDFCINl  =  BDFCINI  «  .001 

IFI  1  .GE.  21  GO  TO  13') 


PRINT  PAGE  TYPE  10 
hRITE  HEADINGS  FOR 


-  YIELD  TABLE  FOR  EACH  WORKING  GROUP  AND  SITE. 
rIELO  TABLE. 


WRITE  16,1291 
124  FORMAT  ( 1H1,//,62X,12HPAGE  TYPE  101 

WRITE  16,1301  QUAL  IKAM  .CYCL.DLEVIKAK  I 

130  FORMAT  I IHC, / / , 2 8X , 8 1 HY I E LD S  PER  ACRE  CF  MANAGED,  EVEN-AGED  STANDS 
1  BASED  ON  PREDETERMINED  STANDARDS  FOR/IH  ,35X,10HS1TE  INDEX, F5. 0,1 
2H,  ,F5.0,  19H-YEAR  CUTTING  C  YCl  E  ,  I  H  ,  ,  1  5H  DENSITY  LEVEL  ,F<..OI 

IflKAK  .EQ.  21  GO  TO  132 
WRITE  16.131) 

131  FORMAT  I  1H0,56X,20HW0RKING  GROUP  -  PINE, /I 
GC  TO  13<. 

132  WR ITE  (6.1331 

133  FORMAT  I IHO , 5 5 X , 22HW0RK ING  GRCUP  -  SPRUCE, /I 
nil  WRITE  16,  135) 

135  FORMAT  (  IHO, 25X , 38HeN T I  RE  STAND  BEFORE  AND  AFTER  TH 1 NN I  NO , 28 X , 26HP 
lERIODlC  CUT  AND  MORTALITY) 

WRITE  16, 136) 

136  FORMAT  I  IHO, 9X,5H STAND, 10X,5HeASAL,3X,7H AVER  ACE, 2X,7HAVERAGE,3X,5H 
1  TOTAL.  3X,<)HMER CHANT-,  3X,9HSAWTlMBER,<)X,5HeASAL,'.X,5HTCTAL,3X,<)HMER 
2CI-ANT-,3X,9HSAwrIMBER) 

WR  ITE  (6,1371 

137  FORMAT  IIH  ,  lOX  ,  3HAGE  , '.X  ,  5HTREE  S  ,  3  X  ,  ^iHARE  A  .  4  X  .  6H0.  6  .H.  ,  3X  .  6HHE  I  GHT 
1,2X,6HV0LUME,2X,  IIHABLE  VOLUME  ,  4  X  ,  6HV0LUME  ,  3X  ,  5HTR  E  E  5  ,  3X  ,  ^.H  AR  E  A  ,  3X 
2,6HVCLUME,2X,HHA6LE  VOLUME , 4 X , 6H VOLUME  1 

WRITE  (6,138) 

138  FORMAT  (IH  ,  8X  ,  7H  (  YE  AR  S  )  ,  3X  ,  3HN0  .  ,  2X  ,  7HSQ.  F  T  .  , '.X  ,  3H  I  N.  ,6X  ,  3HFT  .  ,  4 
1X,7HCU.  FT.,3X,7HCU.  FT.,4X,qHM  PD.  F T . , 3X , 3HN0. , 2 X  ,  7HS0.  FT.,2X,7 
2HCU.  FT.,  3X,71-CU.  FT.,4X,9HM  ED.  FT.) 

139  WRITE  16,140)  AGEO , JOENO, JBASO ,DBHO , JHT SO , JTOTO tCFMO ( N ) ,eDFO ( N ) 

140  FORMAT  (1H0,9X,F4.0.4X,I5,2X,I4,5X,F5.1,5X,I3,4X,I5,5X,F6.0,6X.F6. 
13) 

IFIAGEO  .GE.  ROTA)  GO  TO  185 

WRITE  (6.141)  AGEO, JDENT, JBAST, DBHT,JHTST,JIOTT.CFMT.BDFT,JDENC,JB 
lASC, JTOTC, CFMC IN 1,BDFC(N) 

141  FORMAT  (IH  . 9X . f 4 . 0 . 4 X ,  1 5 , 2X , I  4 , 5X , F5 . 1 , 5 X , I  3 ,4 X , I  5 . 5 X , F6 . 0 , 6X , F 6 . 
13,4X,I5,3X,I3,5X,I4,5X,F5.0,8X,F5.3) 

C 

C  COMPUTE  VALUES  FOR  EACH  PERIOD.  THIN  AS  SPECIFIED. 

C 

IK  =  CYCL  /  RINI 

DO  163  L  =  l,  IK 

AGEO  =  AGEC  <  RINT 

N  =  AGEC 

IFIAGEO  .GT.  ROTA)  GO  TO  185 

IFIKAK  .EQ.  21  GO  TO  146 

DBHO  =     1.0097»DBHT  ♦  0.0096«S1TE 

GC  TO  147 

146  DBHD    =     1.0222»DBHT    ♦    C.015U5ITE 

147  MNK     =     DBHO     •     10.0     ♦     0.5 
OBHO     =     MNK 
DBHO     =     CBHC     •     0.1 

c 

C  REDUCE  FUTURE  DENSITY  BY  AMOUNT  OF  PREDICTED  MORTALITY 


1.5766OAL0G10IBAST1  ♦  3.3021 
1.241 7«ALCG10(BAST)  •  2.1450 


IFIDPHI  .GE.  ICO)  GO  TO  152 
IFIKAK  .EC.  2)  GO  TO  149 

CENO  =  O.C0247  »  0.00124  «  OBHT  •  0.0C02H  •  DBHT  «  DBHT  •  0.000005 
121  <■  BAST  '•     BAST  -  C.CCC0905  »  OBHT  »  BAST 

cr  TO  I5i: 

149  UENO  =  0.05285  -  0.01346  •  DBHT  •  0.00226  •  OBHT  •  DI3HT  »  0.000006 

16  •  BAST  •  BASI  -  0.CC01931  ■>  DBHT  »  BAST 
15C  IFIDENO  .LT.  CO)  OENO  =  CC 

MNK  =  DENT  *  11,0  -  CENO)  ♦  0.5 

OENO  =  MNK 

GC  TC  153 

152  CFNO  -     DENT 

153  HASO  =  DFNO  •  n.C054542  •  DBHO  •  OPHO 
C 

C  COMPUTE  HTSO  FROM  AGE  AND  SITE  INDEX. 

c 

IFIKAK  .IG.  2)  GO  TO  157 

IFIAGEP  .GT.  55.0)  GO  TO  154 

HTSO  =  0.01441  •  AGEO  •  SITE  -  0.12162  *  AGEO  -  1.50593 

GC  TO  155 

154  HTSO  =  0.59947  -  61.5019  /  AGEO  t  0.80522  •  ALOGIO(SITF)  •  20.5252 
18  •  ALOGIOISITE)  /  AGEO 

HTSn  =  10.0  ••  HTSO 

155  HTSO  =  HTSC  »  HTCUH 

n2H  =  DEED  •  DBHO  •  HTSO 

IFID2H  .GT.  6C00.0)  GC  TC  156 

TCTO  =  10.00225  »  n2H  -  0.0CC74  »  BASC  ♦  C03711)  «  OENO 

GC  TO  160 

156  TCTO  =  (CC0247  •  D2H  •  0.00130  •  BASC  -  1.40286)  •  OENO 
GC  TO  160 

157  IFIAGEO  .GT.  45.0)  GO  TO  158 

HTSn  =  3.86111  -  0.05979  •  AGEO  »  0.01215  »  AGEO  •  SHE 
GC  TO  159 

158  HTSO  =  0.33401  -  33.2866  /  AGEO  •  0.92341  •  ALOGIOISITE)  +  6.27811 
1>  ALOGIOISITE)  /  AGEO 

HTSO  =  10. 0  ••  HTSO 

159  TCTO  =  0.50  •  BASO  •  HTSO  •  16.96 
C 

C  CONVERT  TOTAL  CU.  FT.  TO  OTHER  UNITS. 
C 

160  IFIDBHO  .LT.  5.0)  GO  TO  161 


KNO 


1 


BAl  1  1  =  BASO 

VCHl 1 1  =  DBHC 

CALL  VOLS 

BCFOIN )  =  TOTO  •  PROD( 1 1 

CFMOIN  1  =  TOTO  •  FCTR (  1 1 
161  IF(L  .El..  IK)  GO  TO  165 
C 

C  WRITE  VALUES  FOR  END  OF  PERIOD  IF  THINNING  NOT  DUE. 
C 

KCENC  -  CENO  •  0.5 

KHTSO  =  HTSO  *     0.5 

KBASO  =  BASO  •  0.5 

KTCTO  =  TOTO  <  0.5 

JCFMO  =  CFMOIN)  ♦  0.5 

CFMOIN)  =  JCFMO 

JBDFO  =  BDFOIN)  •  0.1  •  0.5 

JBDFO  =  JBDFO  •  10 

BCFOIN)  =  JBDFO 

eCFO(N)  =  BDFOIN)  *  .COl 

WRITE  (6,140)  AGEO, KDENO, KBASO, DBHO, KHTSO, KTOTO, CFMO(N)  , BDFOIN) 

DBHT  =  CBHO 

BAST  =  BASO 

DENT  =  CENO 
163  CONTINUE 
C 

C  INCREASE  O.B.H.  BY  THINNING  AND  COMPUTE  POST- TH I NN I NG  VALUES. 
C 

165  REST  -     CLEVIKAK ) 

CALL  CUTS 

184  CONTINUE 

185  IROT  =  ROTA 
MNK  =  RINT 

NVOL  =  I ( IROT  -  NI )/MNK )  ♦  I 

K  =  NVOL  -  1 
C 

C     INTERPOLATE     BETWEEN     VALUES    FROM     YIELD     TABLE. 
C 

DC     186     L=l ,K 

DO     186     J=1,MNK 

NN     =     J     ♦     Nl     ♦     (L     -     1 )     «     MNK 

TEM     =     J     -     1 

N     ^     Nl     +     (L     -     1)     *     MNK 

ANCUV(NN)=CFMO(N)-CFMC(N)t(TEM/RINT)»(CFMO(N<-MNK)-CFMO(N)i-CFMC(Nl) 

ANBDFINN)=BDF0(N)-B0FC(NH-(TEM/RINT)<IR0FCIN*MNKI-B0FCIN1*6DFC(NII 

186  CONTINUE 
C 

C  PRINT  PAGE  TYPE  II  -  ANNUAL  VOLUMES  PFR  ACRE. 

C 

C  WRITE  TABLE  HEADINGS. 

C 

WRITE  16,1891 

189  FCRMAT  ( 1 H 1 , / / , 6 1 X , 1 2HPA&E  TYPE  11) 

WRITE  (6,190)  OUALIKAN) ,CYCL,THIN(KAK ) ,OLEV(KAK) 

190  FCRMAT  (  I  HO, 4 1 K , 5 3HGR0H I NG  STOCK  CF  MANAGED,  REGULATED,  EVEN-AGED 
ISTANDS/IH  ,47X,10HSITE  I NDE X ,F 5 . 0, 1 H , , F 5. 0, 1 9H-YE AR  CUTTING  CYCLE/ 
21H  , 53X, 14HDENSITY  LE VEL- , F 5 . 0 . 1 X , 3H AND , F 5 . 0 1 

IFIKAK  .EC.  2)  GO  TO  191 
WRITE  (6,131) 
GC  TO  192 

191  WRITE  16,133) 

192  WRITE  16, 1931 

193  FORMAT  ( 1HO,43X,44HVOLUHES  PRESENT  PER  ACRE  AT  END  OF  EACH  YEAR,/) 
WRITE  16,194) 

194  FORMAT  1  IHO . 54X , 23HMERCHANT ABLE  CUBIC  FEE T/ IHO, 64X ,4HYE AR/ IH  ,14X, 
16HDECADE,9X,1H0,9X,1H1,9X,1M2,9X,1H3,9X,1H4,9X,IH5.9X,1H6,9X,1H7,9 
2X,  1H8,9X,  1H9,//) 


hKlTE    CUBir.    FBFT    PER    aCRE    FOR    EaCH    VFAR. 

H«1TE     16,l')t>l     K,  UNCtVINNl  ,\r<=l  ,  101 
ITi     FORMAI     IIH     ,  I?0,FI  1.1  ,<)F  10.  I  I 

fNK     =     RCIa     •     C.l     -     1.0 

DC     19b     J=I,MNK 

NN     =     10    •     J     ♦     I 

WRITE     l6,l')51J,aNCUV(NN),ANCLVlNN*l),ANCUV(NN*2)»JNCUV(NN*1),flNCUV 
llNNt^),aNCUV(NN*5I.ANCUV(NN»6  1,aNCL;VlNN*7),ANCUV(NN*Rl,a\CUVlNNt'n 
ttb    CCNTINUF 

J     =     rtniA     *    0.1 

ANCUV(  IRCT«1  1  •  CFMniiRon 

WRITE  16.1951  J,  ANCUVI  IROU  11 

WRITE  BOARD  FEET  PER  ACRE  FOR  EACH  YEAR. 

WRITE  (6,1<)71 
19?  FORMAT  ( 1H0,///.55X,23HTM0USAN0S  OF  PPARO  FEET, //I 
WRITE  (6,1981  K, lANBDFINNl ,NN=1, 101 

198  FORMAT  (IF  ,  UO  ,  F  1  3  .  3  ■  9F  1  0  .  3  1 
CC  199  J=1,MNK 

NN  =  10  •  J  »  1 

WRITE  (6,1981J,ANRDFlNN)»AN130F(NN*ll,ANBGF(NN+?l,ANRDF(NN*31,ANnOF 

l(^^+'il,A^ecFl^N♦5l.A^RDF(^N♦6l,A^RDF(^N+7l.ANeoF(^^+fil,A^BDF(^^♦9) 

199  CONTINUE 

J  =  ROTA  •  0.1 

AKaOFI  IRCTfl  1  =  BDFOI  IROT 1 

WRITE  16,1981  J, ANBOFl IR0T»1 1 

COMPUTE  M.A.I.  FOB  EACH  WORKING  GROUP  AND  SITE  CLASS. 


TEM  =  CC 

REM  =  CO 

MNK  =  RAGE(KAK,KANI 
00  200  1=1, MNK 

TEM  =  TEM  t  BOFC  1  1  1 

200  REM  =  REM  ♦  CFMCI  I  1 

REM  =  REM  *  COl 


DELAYIKAKl 


MNK 


MNK 


I 


BCAI  =  ANBDFIMNKl  *  I SHfcL T I K AK 1 »GROWB ( K AK 1 •0. 0 1 'F 1 NL 1 K 
6CAI  =  BDAI  /  RAGE1K.AK,KAN1 

CFAI  =  ANCUVIHNKl  »  O.Ol  ♦  ISHHOIKAKI  •  GROWCIKAKl  *  C 
lAKI 1  •  REM 
CFAI  =  CFAI  /  RAGEIKAK.KAN) 
eCMAIIKAKl  =  BCMAIIKAKI  •  BDAI 
CUMAIIKAKl  =  CUMAIIKAKl  ♦  CFAI 


AREAIKAK.KANl 
AREA [KAK,KAN) 


COMPUTE  ACRES  IN  EACH  AGE  CLASS  WITH  IDEAL  CONDITIONS. 

ANCUTIKAK.KANl  =  AR E A  1 K AK , K AN  1  /  R AGE  1 K AK , K AN  I 

CHANGE  VALUE  OF  CLASS  IE  AGE  CLASSES  ARE  NOT  10  YEARS. 

CLASS  =  10.0 

TEM  =  ANCUTIKAK,KAN1  •  CLASS 
lEIDELAvlKAK  1  .EQ.  O.Cl  GO  TO  20', 
IFISHWDIKAKI  .GT.  0.01  GO  TO  20'. 
PCCUTIll  =  ANCUTIKAK.KANl  •  DELAYIKAKl 
MKK  =  IRAGEIKAK.KANl  -  DELAYIKAKl  ♦  9.01  '  0.1 
IK  =  MNK  ♦  1 
DO  202  1=2. MNK 
202  PnCUTI  I  1  =  TEM 
TEM  =  MNK  -  1 

TEM  =  RAGE(KAK,KAN1  -  DELAYIKAKl  -  (CLASS  •  TEMI 
PCCUTIIKI  =  ANCUT1KAK,KAN1  •  TEM 
CC  TO  206 

204  MNK  =  ( IRAGEIKAK,KAN1  •  9.01  •  0.11  •  1.0 
DO  205  1=2. MNK 

205  PCCUTI 1 1  =  TEM 


COMPUTE  GROWING  STOCK  IN  EACH  AGE  CLASS  WITl 
DELAYIKAKl  •  1.0 


IDEAL  CONDITIONS. 


206  MAX  =  RAGE (KAK. KAN  1 
00  210  1=1 .MAX 

IF(ANBDE(I1  .IT.  BFMBCHl  GO  TO  210 
MIC  =  I 
GO  TO  211 

210  CONTINUE 

21 1  MES  =  MIC  -  1 
MUD  =  HIN  »  1 

DC  212  J=MUO.MES 

212  SUBCf IKAK.KANl  -  SUBCF I KAK , KAN  1  *  ANCUVIJI 
SUBCF(KAK,KAN1  =  SUBCF { KAK . KAN  1  •  ANCUT(KA 
DO     213    K=MIC.MAX 

213  CESFIKAK.KANl  =  CFBF ( K AK , K AN  1  t  ANCUV(K1  • 
CFBF(KAK,KAN1  =  CF BE ( K AK , K AN  1  «  ANCUTIKAK.I 
DC    215    1=1,15 

DO    21<i    J  =  2,ll 

K    =    J    ♦    10    •     I    -     10 

IFIK  .GT.  MAXl  GO  TO  217 

IFIK  .LT.  MUCl  GO  ID  21'. 

CMSIIl  =  CMSIIl  •  ANCUVIKl  «  0.01 

IF(K  .LT.  MIC)  GO  TO  214 

BfS(  1  1  =  6FSI  I  1  •  ANBCEIK  ) 
21'.  CONTINUE 
215  CONTINUE 


0.01 
KAMI 


0.01 

ANI 


ADD  SHELTERWOOD  OR  SEED  TREES.  IE  ANY.  TO  OPTIMUM  GROWING  STOCK. 
PROVICE  FOR  VOLUME  GROWTH  DURING  REGENERATION  PERIOD. 

217  IFISHWDIKAKI  .EO.  0.01  GO  TO  226 
K  =  (FINLIKAK I  ♦  9.01  •  0.1 

CHANGE  VALUE  OF  CLASS  IF  AGE  CLASSES  ARE  NOT  10  YEARS. 

CLASS  =  10.0 

REM  =  CLASS 

IFIFINLIKAKI  .LT.  CLASSl  REM  =  FINLIKAK) 

IF(DELAYIKAK)  .GT.  0.0)  GO  TO  220 


ND.  RIM  .11.  CLASSl  CLASS  =  Rfch 
•  CLASS  •  1 . U 


SHU  I  IK 


•  CLASS 
CLASS  ♦ 


DO  219  N  X  = 1 , K 

TEM  =  NX 

IFlHfM  .GT.  0.0  . 

DMY  :  CO 

MNK  -  ITEM-  1.01 

KNM  =  CLASS  •  TEM 

DC  21fl  KU=MNK,KNM 

TMPY  =  KG 
218  DMY  =  CMY  >  IMPY 

HFSINX  I  =  BESINX  1 
10.01  »  CMY 

CMSINXI  =  CHSINXl 
10.01  •  CMY 

RFM  =  FINE IKAK  I  -  CLASS  •  TEM 

IFIREH  .LE.  0.01  GO  TO  226 
2  19  CONTINUE 

or  TO  226 

220  J  =  (DELAYIKAKl  t  9.01  *  0.1 
L   =  RAGE  IK AK .KAN  1   »  0.1 

DO  225  1=I.K 

TEM  =  I 

IFIREM  .GT.  CO  .AND.  REM  .LT.  CLASSl  CLASS 

DMY  =  0.0 

MNK  =  1 TEM  -  1.01  «  CLASS  ♦  1.0 

KNM  =  CLASS  •  TEM 

or  221  KU  =  MNK, KNM 

TMPY  =  KU 

221  DMY  =  DMY  t     TMPY 

IF( I  .GT.  Jl  CO  TO  22  3 


SHELTIKAKl  •  GR0WP(KAK1 
HW0(KAK1  •  GROWCIKAKl  • 


NX 


L 


I 


CC  TO  22'< 
223  NX  =  I-J 

221:  BFSINXI  =  BFSINXI  ♦  SHELTIKAKI  <  CLASS  t  SHFLTIKAKI  »  GROWBIKAKl  » 
10.01  •  CMY 

CMSINXl  =  CMSINXl  t  SHWn(KAKl  •  CLASS  •  SHWDIKAKl  •  GRCWCIKAKl  • 
10.01  •  CHY 
REM  =  FINLIKAKl  -  CLASS  •  lEM 
IFIREM  .LE.  COl  GO  TC  226 

225  CONTINUE 

226  DO  227  L  =  l  ,  15 

BFSIL)  =  6FSIL1  •  ANCUTIKAK.KANl 
CMSILl  =  CMSILI  •  ANCUTIKAK ,KAN1 

227  CONTINUE 

DC  228  1=1,15 

ALLCFIKAK,KAN1  =  ALL C F I K AK , K AN  1  f     CMSIIl 

228  SU83EIKAK,KAN1  =  SUBBF I K AK , KAN  1  •  BFSIll 
GVLBFIKAK)  =  GVLBFIKAKl  t  SUBBF I KAK , KAN  1 
GVLCUIKAKI  =  GVLCUIKAK)  *  SUBC F I K AK , K AN  1 

C 

C  COMPUTE  POTENTIAL  ANNUAL  CUTS  WITH  BALANCED  DISTRIBUTION  OF  AGE 

C  CLASSES  AND  OPTIMUM  GROWING  STOCK  FOR  OBJECTIVES. 

0  INTERMEDIATE.  REGENERATION,  AND  FINAL  CUTS  KEPT  SEPARATE  HERE. 

C 

MNK  =  BAGEIKAK.KAN)  -  DELAYIKAKl  ♦  1.0 

TMPY  =  ANBCFIKNK)  -  SHELTIKAKI 

IFITMPY  .LT.  C0M6FIKAK11  GO  TO  230 

OPBDIKAKI  =  OPBDIKAKI  ♦  TMPY  «  ANCUTIKAK.KANl 

GO  TO  231 

230  TEM  =  ANCUVIMNKl  •  O.Cl  -  SHWDIKAKl 
IFITEM  .LT.  COMCUl  GO  TO  231 

CPCUIKAKl  =  OPCUIKAKl  »  TEM  •  ANCUTIKAK.KANl 

231  IFISHWDIKAKI  .EO.  0.01  GO  TO  233 

TEM  =  SHELTIKAKI  «  11.0  •  FINLIKAKl  •  GROWBIKAKI  •  0.011 

IFITEM  .LT.  C0M6FIKAKII  GO  TO  232 

FNBDIKAKI  =  ENBDIKAKl  t  TEM  •  ANCUTIKAK.KANl 

GO  TO  233 

232  TFM  =  SHWDIKAKl  «  11.0  ♦  FINLIKAKl  •  GROWCIKAKl  •  0.011 
IFITEM  .LT.  COMCUl  GO  TO  233 

FNCUIKAKl  =  ENCUIKAKl  *  TEM  *  ANCUTIKAK.KANl 

233  MNK  =  RAGEIKAK,KANI  -  CYCL 
NR  =  CYCL 

DC  235  I=N1,MNK.NR 
4CTEM  =  ACTEM  •  1 .0 

IFIBDFCIIl  .LT.  C0M6FIKAK11  GO  TO  23'. 
BETEM  =  BFTEM  »  BDFC I  I  1 
GO  TO  235 
23'.  TEM  =  CFMCI  I  )  •  0.01 

IFITEM  .LT.  COMCUl  GO  TO  235 
CFTEM  =  CFTEM  »  TEM 

235  CONTINUE 

ACINTIKAKl  =  ACINTIKAKI  •  ACTEM  •  ANCUT I K AK , K AM 

BFINTIKAKI  =  PFINTIKAKI  ♦  BFTEM  «  ANCUTIKAK.KANl 

CUINTIKAKI  =  CUINTIKAKl  »  CFTEM  •  ANC C T I K AK , K AM 
C 

C  PRINT  PAGE  TYPE  12  -  GROWING  STOCK  GOALS  BY  WORKING  GROUP  AND  SITE. 
C 

WRITE  16,2361 

236  FORMAT  I  1 H 1 ,  / / , 5UX ,  1 2HPAGE  TYPE  12, /I 

WRITE   16,2371  UU AL I K AN  1  , R AGE  I K AK , K AN  I  , ARE  A  I K AK , K AN  1 

237  FORMAT  I  IHO  ,  4  1  X  , '.'.HO  1  S  TR  1  BUT  I  ON  OF  AREA  AND  GROWING  STOCK  GOALS/IH 
10. 16X.21HFOR  SITE  INDEX  CL AS S- . F 5 . 0 , 1 1 H ,  RO T AT  I  ON- . F5 .0 . 5H.  AND.Fl 
20.1,35H  ACRES  OF  THIS  SITE  CLASS  AND  GROUPl 

lEIKAK  .EQ.  21  GO  TO  238 
WRI TE  16.1)11 
GO  TO  239 

238  WB ITE  16.1331 

239  WRITE  16,2401 

240  FORMAT  I  1  HO , 44X . 8HACR E S  I N .  1 3X . 1 1 HHUNORE OS  OF/IH  ,23X.9HAGF  ClASS. 
1  14X.5HCLASS,  Itx.  7HCU.  FT.,17X,9HM  BO.  FT. ./I 

IFISHWDIKAKI  .GT.  0.01  GO  TC  242 
IFIDELAYIK AK 1  .EO-  0.01  CD  TO  242 
WRITE  16.2411  PDCUTIII 

241  FORMAT  IIHO.27X.lHO.14X.F10.il 

242  KNM  =  IRAGEIKAK.KANl  •  0.11  •  2.0 
DC  244  1=2. KNM 

J  =  I  -  1 

MNK  =  1  ♦  10  •  I  -  20 

IK  =  MNK  .  9 

WRITE     16.2431     MNK. IK.PDCUTI  I  I .CMSIJI  .BFSIJI 


21,3    FORMAT  (  1H0.2'.X,  13,  1H-,  1  3,  1  IX.FIO.  I,  lOX.F  15.  1  .  10X,F15.U 
2<,«  CONTINUE 

WRITE  (6,2<.5)  «RE«IK4K,KaNI  ,ALLCF(KAK,KANI  ,SUBRFIK4K,KANI 
2<.5  FORNAT  I  IHO  ■  /  /  ■  26X  ,  6HT0TAL  S  ,  1  1  X  ,  F  1  0.  1  ,  1  0  X  ,F  1  5  .  I  ,  1  0  X  ,  F  1  5  .  1  1 

IFISHHD(KaKl  .GT.  0.01  GO  TO  2<i7 

IFIOELAV(KAK)  .EO.  0.01  CO  TC  Z-,! 

WRITE  (6.2<.6I  OELAYIKAKl 
246  FORMAT  (  1  HO, / / , 1 7X , SON  AGE  CLASS  ZERO  REPRESENTS  CLEARCUT  ACRfS  NOT 

1  YET  REFORESTED  BECAUSE  OF  DELAY  OF  ,F4.0,6H  YEARS/IH  ,46HEXPECTED 

2  AFTER  SCHEDULED  REGENERATION  CUTTING.) 
2<.7  00  2<t8  1  =  1,15 

BFAGE(KAK,II  =  BFAGEIKAK.II  »  6FSIII 
248  CFAGEIKAK,!)  =  CFAGEIKAK.l)  <  CMSIII 
C 

C  COMPUTE  TOTAL  YIELDS  PER  ACRE. 
C 

NR  =  RAGE IKAK, KAN) 

MNK  =  RAGE IKAK.KAN  I  -  CYCL 

00  251  1=1, MNK 

IFIBDFCIII  .LT.  COHBFIKAKI)  GO  TO  250 

VL6FIKAN)  =  ULBFIKAN)  »  6DFCIII 

250  TEM  =  CFMCI I )  •  0.01 
IFITEM  .LI.  COMCU)  GO  TO  251 
VLCUIKANI  =  VLCU(KAN)  •  TEM 

251  CONTINUE 

VLBFIKANI  =  VLBFIKANI  ♦  BDFOINRI 
VLCUIKAN)  =  VLCUIKANI  »  CFMCINRI  •  0.01 

252  SITE  =  SITE  »  10.0 

253  CONTINUE 
C 

C  REMOVE  EXCESS  INITIAL  CONDITION  CARDS. 

c 

260  READ  15, 45)  AGEO.DENO.DBHO 

IFIAGEO  .EO.  0.0  .OR.  AGEO  .CT.  ROTA)  GO  TO  261 
GC  TO  260 

261  DO  262  I=KSI,KND 

262  SUMCFIKAKI  =  SUMCFIKAK)  »  ALLCFIKAK,!) 
C 

C  COMPUTE  STANDARD  ACRES  FOR  SUE  CLASSES. 
C 

TEM  =  NSI IKAK  1 

MNK  =  TEM  •  0.5  •  0.5 

MNK  I  MNK  ♦  KSI  -  I 

DC  271  l=KSI,KND 

IF(VLBflMNK)  .EO.  0.0)  GO  TO  270 

FACIIl  =  VLBFII)  /  VLBFIMNKI 

STDACII)  =  AREAIKAK.I)  •  FACII) 

SSTAC  =  SSTAC  »  STDACI I ) 

IFIFACIl)  .EO.  0.0)  GO  TO  270 

EOlVII 1=1.0/  FACI I ) 

270  IFIVLCUIMNKI  .EO.  0.01  GO  TD  271 
FACCFII)  =  VLCU(I)  /  VLCUIMNK) 
STACFII)  -  AREAIKAK,I)  •  FACCFII) 
SACCF  =  SACCF  •  STACFI  I  ) 
IFIFACCFIII  .EO.  0.01  GO  TO  271 
EOVCFI  n  =  1.0  /  FACCFI I  ) 

271  CONTINUE 
C 

C  PRINT  PAGE  TYPE  13  -  GROWING  STOCK  GOALS  BY  WORKING  GROUP  AND  SITE. 
C 

WRITE  16,2991 

299  FORMAT  (  1 H  1  , / / / , 6 1 X , 1 2HPAGE  TYPE  13) 
WRITE  (6,300) 

300  FORMAT  I  1  HO , / / , 4 7X , 38HGROy I NG  STOCK  GOALS  FOR  WORKING  CIRCLE! 
IFIKAK  .EO.  21  GO  TO  301 

WR ITE  (6,1311 
GO  TO  302 

301  WR  ITE  16,1331 

302  WRITE  16,303)  ( FOR ET ( I ) , I  =  1 , 3  I 

303  FCRMAT  IIH  , 54X , 3A8, / // / ) 
WRITE  16,304) 

304  FCRMAT  (  1  HO , 45X , SHROT AT  ION , 1 1 X ,  1 OHCU.  FT.  TO . 1 3X , 1 OHCU.  FT.  T0,10X 
1,  15HM  BD.  FT.  ABOVE) 

WRITE  (6,305) 

305  FCRMAT  IIH  ,10X,10HSITE  CL A SS , 1  OX , 5HACRE S . 12« . 3HAGE , 1 3X , 1 3HBD.  FT. 
1  L (MIT,  lOX, 12HROTATI0N  AGE ,  1  OX , I 3HBD.  FT.  LIMIT,///) 

DO  307  I=KSI,KN0 

WR ITE  (6,306  1  OUAL  I  I  )  ,  ARE  A ( K AK , I  ),RAGE  IKAK,I1,SUBCF(KAK,I),ALLCF(K 
lAK,  I  ) ,SU66F(KAK,  I  ) 
J06  FORMAT  I lHO,llX,F5.0,l2X,F9.1,10X,F4.0,12X,F12.0,10X,F12.0,ax,F14. 
10) 

307  CONTINUE 

WRITE  16,3081  SARSPIKAK) ,GVLCU(KAK) ,SUMCF (KAK) ,GVLBF(KAK) 

308  FORMAT  (1HO,12X,6HTOTALS,9X,F10.1,25X,F13.0,9X,F13.0,7X,F15.0) 
WRITE  16,3091 

309  huRMAT  I IHO,//, 13X, lOlHCUBIC  FEET  IN  HUNDREDS.  TOTAL  AREA  INCLUDES 
1  ANY  LOW  SITE  ACRES  INCORRECTLY  CLASSED  AS  OPFRABLF  TYPES.) 

C 

C  PRINT  PAGE  TYPE  14  -  STANDARD  ACRES  AND  EQUIVALENT  AREAS. 

C 

WRITE  (6,310) 

310  FORMAT  ( IH 1 , / / , 60X , 1 2HPAGE  TYPE  14) 
WRITE  (6,3111 

311  FORMAT  ( IHO, /,47X,37HCONVeRSI0N  OF  AREAS  TO  STANDARD  ACRES) 
IFIKAK  .EQ.  2)  GO  TO  312 

WRITE  16,1311 

GO  TO  313 

312  WRITE  16,133) 

313  WRITE  (6,3C31  I  FORE T (  I  1  , I  =  1 , 3  I 
WRITE  (6,3141 

314  FORMAT  I  IHO, 9X , 4HS I TE . 1 3X , 1 IHTOT AL  Y I  ELD . 1 3X , 5H ACRES , 34X , 7HAR EA  IN 
1, 13X,  13HE0U1VALENI  OF  I 

WRITE  16,3151 

315  FORMAT  IIH  , 9X , 5H INOE X , 1 3X , 8HPER  ACRE , 14 X , 7HI N  S I T E . 1 2X ,9HR EDUCT I  0 
IN, 12X,8HSTANDARD, 12X, 13HSTANDAR0  ACRE) 

WRITE  16,3(6) 

316  FORMAT  IIH  , 9X , 5HCL ASS . 1 3X . 9HM  BD.  F T . , 1 4X , 5HC L ASS , 14 X , 6HF AC  TOR . 15 
1X,5HACRES, 14X, 13HIN  SIlE  ACRtS.//) 

DC  318  I=KSI,KND 

WRITE  (6,317)  0UAL(I),VL6F(l),AREA(KAK,n,FAC(l),STDAC(l),EQIVII) 


317  F0RMAT(lH0,nx,F5.0,12x,F9.1,12X,Fl0.1,llX,F9.5,llX,F10.1,13X,F9.5) 

318  CCNTINIIE 

WRITE  (6,5191  SARSPIKAK 1 , SSTAC 

319  FORMAT  (  IHO , / , 1 0 X , 6HT0I AL S , 29 X , F 1 2 . 1  , 29X  ,  F 1 2. I , / / / / 1 
WRITE  (6,314) 

WRITE  (6,3151 
WRITE  (6, 330) 

330  FCRMAT  (IH  , 9X , 5HCL AS S , 1 4 X , 7HCU.  F T ., 1 5X , 5HCL ASS . 1 4X , 6HF ACTOR , 1 5X , 
151-ACRES,  14X,  13HIN  SITE  ACRES,//) 

DC  331  I=KSI,KND 
WRITE(6,317)0UALII),VLrull),AREAIKAK,l),FACCFIIl,SIACF(n,EC«CFIII 

331  CONTINUE 

WRITE  16,3321  SARSPIKAK 1 .SACCF 

332  FCRMAT  I  1  HO,  /  ,  1  OX , 6HT0T AL S , 29X , F 12 . 1 , 29X , F 1 2. I ) 
400  CCNTINUE 

RETURN 

E^C 

SUBROUTINE  GUIDE 

c 

C  TO  COMPUTE  DIFFERENCES  BETWEEN  PRESENT  VOLUMES  AND  STOCKING  GOALS  AND 

C  TO  PREPARE  A  GUIDE  FOR  FUTURE  MANAGEMENT. 

C 

COMMON  APFA&I3,15),ACBAR(5),ACSI(3,5,10),ACSP(3,5),ALLCF(3,10),AMC 
1  AG (  3,  15  I  , ANCUTl  3,10),ARaK(5),AREAI3,10l,B«R5II5,10  1,BFAGE(3,15l,BF 
2TPI5,121,BFMRCH,CFAGE(3,15),CFBF(3,101,CMTH|5,12),CCMeFI3l,CrHCU,C 
3UTAI5,12),CUTB(5,(2),CYCL,DAIEI3  1,DLEVI3),FINLI3l,FORET(3),GRBD(3, 
45,15),GRMC(3,5,15l,CR0WB(3),GROWCI3l,GVLBF(3l,GVLCU(3l,MIN,NBK,NCM 
5P,NSBK(5),NSII3I,NSUB,OPENI5,I2),PCOR(3),PRET,RAGE(3,10),RINT,RCTA 
6,SAREIY(5,20  1,SARSP(3> , SB ARB , SB  ARE , SB ARG , SBF (3),SHELT(3),SHWD(3),S 
7LAND,SLVG(5,12),SMC(3),SMSP(3),STYP(20I,SUBBF(3,10),SUBCF(3,10),SU 
8MCFI3),THlNI3),TMRR,TMPO,TYPNM(20l,nELAY(3l,ACFNL(3,5,15l,ACRGN(3, 
95,15  1,TIME,PDCFR(5,12),PDCFN(5,12),0PCUI3I,FNCUUI,CUINT(3>,ACINTI 
13),FNBDI3  1,BF(NTI3  1,0PBDI3),TEM,HNK,KN0,FCTR(2) ,PR0D(2) ,KAK,VDMI2) 
2,ADJ(3),ALnwC(31,ALWBFI5  1,BDMAII3  1,CUMAI(3),PAIBD(3),PAICU(3) ,0BH0 
3,CENC,REST,UBHT,BAST,NWGP,HELP( 5, 12) ,BA(2) 
C 

DIMENSION  DF6F(3,15l,OFMC(3,15),SATHI31,SBFR(3),SBH(3l,SBMI3,5),SB 
1SV(3),SCA(3,5),SCB(3,5I,SCU(3,5),SCUR(3),SDBF(3I,SDMC(3),SFR(3I,SC 
2PI3,5I,SSL(3,5),STBS(10),STF0(10) , STHR I  1 0  I , STL  V ( 10  I , S TNC 1 10  I , STQN ( 
3  101 ,SANCUTI 3  I ,SFNLI 3),S0PTAI 3I,SOPTB(3),SOPTC(3),RGACI3),FNAC(3),T 
4HAC( 3) ,RGCU( 3),FINCI3),IHCUI3I,RGBD(3  1,FINBI3),THBDI3),TCIAC(3),TD 
5TCU(3),T0TBD(3),SCNB(3,51,SCRB(3,5I,SCNTI10),SCRT(10I,SCNI3I,SCR(3 
6),SHL( 3,5),STHP(lO),SAHPI3  1 
C 

C   INITIALIZE  VARIABLES  C0MPLT6D  BY  THIS  ROUTINE. 
C 

DC  1  1=1,3 

FNACI 1 )  =  0.0 

RGACI 11  =  0.0 

SOHPI  I  I  =  CO 

SANCUTI I )  =  0.0 

SATHI  I  I  =  0.0 

SBFRI  1  I  =  0.0 

SPHI 1 )  =  0.0 

S6SV( 1 )  =  0.0 

SCNI  I)  -  0.0 

SCRI  I  )  =  0.0 

SCURI  I)  =  0.0 

SC8FI  I  I  =  0.0 

SCMCI [ )  =  0.0 

SFNL( II  =  0.0 

SFRI  I  I  =  0.0 

SCPTAI  I  )  =  0.0 

SOPTBI  I  I  =  0.0 

SOPTCI I )  =  0.0 

DO  1  J=l,5 

SBMI  1, J  I  =  0.0 

SCA( 1, Jl  =  0.0 

SCB(  1, Jl  =  0.0 

SCNB(  I , J  I  =  0.0 

SCRB( I , J )  =  0.0 

SCU( I , J)  =  0.0 

SFL( I , J)  =  0.0 

SCP(  I, J  I  =  0.0 

SSLI  I, J)  =  0.0 

1  CCNTINUE 
DO  2  1=1,3 
DO  2  J=l,  15 
DFBFI I, J)  =  0.0 

2  DFMCI  I, J  1  =  0.0 
DO  3  1=1,10 
SCNT( I )  =  0.0 
SCRT(  I  I  =  0.0 
STBSl ( 1  =  0.0 
STFOI  I  I  =  0.0 
STHPI 1 )  =  0.0 
STHRI  1  )  =  CO 
STLVI I )  =  0.0 
STNCI I )  =  0.0 

3  STONI I  )  =  0.0 
ANNAC  =  0.0 
ANNBC  =  0.0 
ANNCU  =  0.0 
SIOLA  =  CO 
SIDLB  =  0.0 
SIDLC  =  CO 
STHBF  =  CO 
STHCM  =  0.0 

OURS  -    SLAND  -  STYPI 17) 
C 

C  COMPUTE  DIFFERENCES  BETWEEN  ACTUAL  AND  DESIRED  GROWING  STCCKS. 
C 

DO  10  l=l,NWGP 

DC  10  J=l,  15 

DFBFII,J)  =  ABFAGII.J)  -  BFAGEII.J) 
10  DFMC(I,J1  =  AMCAG(I.J)  -  CFAGEII.J) 
C 

C  COMPUTE  TOTAL  DIFFERENCES  BETWEEN  ACTUAL  AND  DESIRED  STOCKS. 
C 

DC  11  I=1,NWGP 


DC  U  J=l,15 
SCBFI  I  1  =  SDBFl  1  I 
1 1  SCfC(  1  1  =  SDKCI  I  I 


OFBf I  1  , Jl 
OF>'CI  I  ,  J) 


SFKIII  =  S  fH{ll 
H3  CCNT INUE 


GRChlNG  STOCK  KITH  CRflWING 


C  PRINT  PAGE  TYPF  2  -  ACTUAL  AND  OESIRCD  CROWING  STOCKS  AND  DIFFERENCES. 
C 

DC  "iO  KA=l,NHGP 

WRITE  (6>151 

15  FORMAT  { 1H1,/,60X, 1 IHPAGE  TYPE  2\ 
WRITE  16,161 

16  FORMAT  1  IHO,  ■(<.«,  58HC0MPAR1S0N  OF  ACTUA 
1  STOCK  GOALI 

WR  ITE  16,1?)  (FORETI 11,1  =  1,3  1 

17  FORMAT  I IH  .^iX, 3A81 
IFIKA  .EO.  21  GO  TO  Xl 
WRITE  (6, IB) 

18  FORMAT  I  11-0,  56X,  IShPlNE  WORKING  GROUP,/) 
GO  TO  25 

It    WRITE  16,20) 

?0  FORMAT  I 1H0,55X,20HSPRUCE  WORKING  GROUP,/) 

25  WRITE  16,261 

26  FORMAT  !  IH  ,  3'iX ,  62HTH0USAN0S  OF  BOARD  FEET  IN  TREES  10.0  INCHES  D. 
le.H.  AND  LARGER,/) 

WRITE  16,271 

27  FORMAT     ( IHO, 12X, IMAGE, IIX, HHACTUAL    GROW 
15X,6HV0LUHE,  15X,<)MSTATUS    OF) 

WRITE     16,261 

28  FORMAT  IIH  ,  1  1  X  ,  5HCL  A  SS  ,  1  <.  X  ,  5HST0CK  ,  1  i)X  , 
1  IX,  13MACTUAL  VOLUME,/) 

DC     3".     1  =  1,15 


/) 


OWING, lOX, 13HGR0WIN&     S 
<.HGCAL,18X,10HniFFER 


1 


10 


DFBF IKA, 11 

X.Fl-i.  1  ,1<.X,7HSURPLUS 


DFBFIKA,  1  1 

X,Fl"i.  1  ,l<.X,7HrEFICn 


.1  ,1 


DFBF IKA, 1 ) 

Fl<,.  1,14X,7HC0RRECT 


IFIOFBFIKA, I )  .LT.  0.0)  GO  TO  30 
IFIOFBFIKA, I )  .EO.  0.0)  GO  TO  32 
WRITE  16,291  J,ABFAGIKA, I ),eFAGEIKA 

29  FORMAT  IIH  ,  1  2X  ,  1  3  ,  1  1  X  ,  F  l<i  .  1  ,9X  ,  F  1 ". 
GC  TO  S* 

30  WRITE  16,31)  J,ABFAGIKA, I l.BFAGEIKA 

31  FORMAT  IIH  ,  12X,  I3,11X,F14.  1,9X,F1'. 
GC  TO  34 

32  WRITE  (6,331  J , ABF AG  I K A,  I  ) , BF AGE  I K A 

33  FORMAT  IIH  ,  1  2X  ,  I  3  ,  1  1  X  ,F  U.  1  ,  9X  ,  F  1  4 
3'.  CONTINUE 

WRITE  16,35)  SBFIKAI .GVLBFIKA) ,SD6FIKAI 

35  FORMAT  I IHO, 11X,5HT0TAL, 10X,F14.1,9X,F1 
WRITE  16,361 

36  FORMAT  I  1  HO, 3  IX . 67HHUN0REDS  OF  MERCH 
lES  O.B.H.  AND  LARGER,/) 

WRITE  16,27) 
WRITE  16,28) 
DC  39  1=1,15 
J  =  I  •  10 
IFIOFMCIKA, 1 1 
IFIOFMCIKA, I ) 
WRITE  16,291 
GO  TO  39 

37  WRITE  16,311  J,AMCAGIKA,  I  I ,CFAGE IKA, I  )  , 
GC  TO  39 

38  WRITE  16,33)  J , AMCAG I K A ,  I  ) , CF AGE  I KA  ,  I  )  , 

39  CONTINUE 

WRITE  16,35)  SMCIKA),SUMCF(KA1  ,SOMCIKAI 

40  CCNTINUE 


C  SUMMARIZE  VOLUMES  EXPECTEC  DURING  NEXT  PERIOD  BY  BLOCK  AND  TYPE. 


.LT.  O.Cl  GO  TO  37 
-EO.  0.0)  GO  TO  38 
, AMCAGIKA.I 1 ,CFAGEIKA, I  I 


4.  1,9X,F14.  I,/) 

U6IC  FEET  IN  TREES  6. 


DFMCIKA, I ) 
OFMCIKA, 1 ) 
DFMC IKA, I ) 


DC  70  1=1, NBK 
DC  70  J=l,5 
SBMI  1,11  =  SBMI  1,1)  ♦ 
SCAI  1,11  =  SCAI  1,11  • 
SCBI 1, 1 1  =  SCBl 1,1)  ♦ 
SCNBI 1,11  =  SCNBI 1,11 
SCRBI 1,1)  =  SCRBI 1,1) 
SCUI  1,1)  =  SCUI 1,11  » 
SHLI  1,  I  1  =  SHL(1,1  1  ♦ 
SCPl  1,11  =  SOPI 1,1)  » 

ssLi  1, 1 )  =  ssLi  i,n   ♦ 

70  CCNTINUE 

DC  71  1=1, NBK 
00  71  J=6, 10 
SBMI2, I  I  =  SBMI2,I )  ♦ 
SCA(2, I  1  =  SCA(2,  I  )  . 
SCBI2, I  )  =  SCe(2,I  I  • 
SCN6I2,I)  =  SCNBI2,I) 
SCH8I2, I )  =  SCR6I2,I) 
SCUI2, 1  I 


SCUI2,1 1 
SHLI2,I  I 
S0PI2,I  ) 
SSLI2,1  1 


SHLI2,  I  1 

SOPI 2, I  ) 

SSLI2,  I) 
71  CONTINUE 

OC  82  1=1, NBK 

DC  82  J=l,10 

SCNTIJ)  =  SCNT(J) 

SCRTIJ) 

STeSlJl 

STFOI J) 

SIHPIJ) 

STHRIJ) 

STLVIJ) 

STNCIJ) 

STONIJ) 
82  CCNTINUE 

00  83  I=1,NWCP 

DC  83  J=1,NBK 

SAHPl  I)  =  SAHPI  I  ) 

SATHII)  =  SATH(I) 

SBFRI  I)  =  S6FRC  I) 

SBHI I )  =  SBHI I )  * 

S8SVII)  =  sesvii) 
SCN(  I)  =  SCNI  II  ♦ 
SCR( I)  =  SCRI I)  • 
SCURII)  =  SCUR(I) 


BFTH1 1 , Jl 
CUTAI I , J) 
CUTBI 1 , J) 

•  PDCFNI I , Jl 

♦  PDCFRI 1 , Jl 
CHTHI 1 , Jl 
HELPI  I  ,  J) 
0P6NI I , J) 
SLVGI I , Jl 


BFTHI 1 , J) 
CUTAI 1 , Jl 
CUTBI I , J) 

♦  PDCFNI I , Jl 

♦  PDCFRI I , Jl 
CMTHI I , Jl 
HELPI I , Jl 
OPENI I , Jl 
SLVGI I , Jl 


SCRTIJ) 
SI8SIJ) 
STFOI J) 
STHPIJ) 
STHRIJ ) 
STLVI Jl 
STNCIJI 
SIONI Jl 


PDCFNI I , Jl 
PDCFRI I ,J) 
BFTHI I, J) 
CLTBI I , Jl 
HELPI  I  , J) 
CLTAI I, Jl 
SLVGI I , Jl 
CMTHI I ,J1 
OPENI I, Jl 


•  SHLI I , Jl 
»  SOPI I ,J1 

♦  SBMI I, Jl 
SCAI I, J) 

♦  SSLI 1,J) 
SCNBI I , J) 
SCRBI I , Jl 

•  SCUI I , Jl 


C  PRINT  PAGf  TYPr   3 


POTEM  1  Al 


ANn 


■IUDS     FCR     NEXT     PERIOD. 


CO  210  KA=1,NWGP 

WRITE  16, 1301 
130  FORMAT  I IHI, //,60X, 1 IHPAOF  TYPE   !l 

WRITE  16,1311 
HI  FORMAT  I  lH0,40X,46HPnTENTIAL  WORK  LOAD  ANC  YIELDS  FOR  NEXT  PFRinD) 

WHI  IE  16,  132)  IFORETI  11,1  =  1,3) 
1  32  FfRMAI  I  IH  ,52K, 308) 

HB lit  16,1131 
113  FCKMAT  I  lHn,/,4  lx,4  7HACRES  CF  COMMERCIAL  THINMNG  DURING  NEXT  PERI 

inc  I 

IFIKA  .EC.  2)  GO  TO  142 
WR  1  TE  (6,141) 
141  FORMAT  I IHO, /,4X,5HHL0CK, 12X,6HrYPE  1,1SX,6HTYPE  2,13X,6HTYPE  3,13 
1X,6HTYPE  4,13x,6HrYPE  5 , I 4X , 5HT0 T AL , / I 


1 


NK 


GC  TO  150 

142  WRITE  I  6,  143) 

143  FORMAT  I lH0,/,4X,5HeL0CK, 12X,6HTYPE  6,l3X,6HTYPt  7,13X,6HTYPE  8,13 
1X,6HTYPE  9,12X,7HTYPF  1 0 , 1 4 X , 5HTCI AL , / ) 


NK 


K 


S,  I  ) 


150  CO  154  1=1, NOK 

WRITE  16,153)   1  ,  lOPENI  I  ,  J  I  ,  J  =  MK,NK 1 ,SOPI f 

153  FORMAT  IIH  , 4X ,  1 2 ,  1  OX , F 1 1 . 1 , 5  I 8X , F 11 .  1  I  I 

154  CCNTINUE 

WRITE  16,1551   I STONI  I  I , I=MK,NK)  ,SAIHIKAI 

155  FORMAT  I  1  HO , 3X , 5HT0TAL , 6 ( SX , F 1 1 .  1 )  I 
WRITE  16,1561 

156  FORMAT  I  1  HO, / / , 44X , 39HHUNDR ED S  OF  CU.  FT.  REMOVED  BY  THINNINGI 
IFIKA  .EC.  21  GO  TO  157 

WR  ITE  (6,1411 
GO  TO  158 

157  WRITE  16,143) 

158  CO  159  1=1, NBK 

WRITE  16,1531   I  ,  ICMTHI  1  ,  J)  ,  J=MK,NK I ,SCU( KA.I  ) 

159  CCNTINUE 

WRITE  16,1551  (STNCI  1  1  ,  I=MK,NK I  ,SCUR (KAl 
WRITE  (6, 1641 

164  FORMAT  I  IHO, / / , 50X , 29HM  BD.  FT.  REMOVED  BY  THINNINGI 
IFIKA  .EG.  21  GO  TO  165 

WRITE  16,141) 
GC  TO  166 

165  WRITE  16, 1431 

166  DO  167  1=1, NBK 

WRITE  16,153)   1 ,  IBFTHI  1, Jl  , J=MK,NK  I ,SHMI KA, 1  1 

167  CONT INUE 

WRITE  16,1551  I STBSI I ) , 1=MK,NKI ,SBFB IKAI 
WRITE  16,1301 
WRITE  16,1721 

172  FORMAT  1 IHO, / / , 44X , 39HM  80.  FT.  TO  BE  SALVAGED  IN  NEXT  PERIOOI 
IFIKA  .EC.  21  GO  TO  173 

WRITE  16,1411 
GC  TO  174 

173  WRITE  16,  1431 

174  DC  175  1=1, NBK 

WRITE     16,1531      I , I SLVGI  1  , J  I  , J  =  MK,NK I ,SSL IKA, I  1 

175  CCNTINUE 

WRITE  16,1551   I  STLVI  1  I  ,  1=MK,NK I  ,SBSV(K«I 
WRITE  16,' 79  1 

179  FORMAT  (  1  HO, / / , 4 1 X , 46HM  BD.  FT.  TO  BF  HARVESTED  BY  REGENERATION  CU 
ITSI 

IFIKA  .EC.  21  GO  TO  180 
WRITE  16,1411 
GO  TO  161 

180  WRITE  16,143  1 

181  DC  182  1=1, NBK 

WRITE  16,1531   1  ,  ICUTAIl  , J), J  =  MK,NK  )  ,SCA1KA, 1  ) 

182  CONTINUE 

WRITE  16,155)  (STHRI  1  )  ,  I=MK  ,NK  I  ,SBHIKA) 
WRITE  16, 1851 

185  FORMAT  1  IHO, //,43X,42HHUN0REDS  OF  CU.  FT.  FROM  REGENERATION  CUTSI 
IFIKA  .EO.  2  1  GO  TO  186 

WRITE  16,141) 
GO  TO  187 

186  WRITE  16, 143) 

187  CO  188  1=1, NBK 

WRITE  16,1531  I , IPOCFRI 1 , J) , J  =  MK ,NKI ,SCRfllKA,I  1 

188  CCNTINUE 

WRITE  16,1551  ISCRTI  I  ),  1=MK,NKI  .SCRIKA) 
WRITE  16, 130) 
WRITE  16.193) 

193  FORMAT  I  I  HO, / / , 37X , 54HM  BD.  FT.  TO  BE  HARVESTED  BY  FINAL  RFHCVAL  0 
IF  OVERWCOD) 

IFIKA  .EC.  2)  GO  TO  194 
WRITE  16,1411 
GO  TO  195 

194  WRITE  16,143) 

195  DC  196  1=1, NBK 

WRITE  16,153)  I  ,  ICLTBl  I , Jl , J  =  MK,NK)  ,SC8IKA, I  1 

196  CCNT INUE 

WRITE  16,1551  I STFOI  I  ),  I=MK,NKI  ,SFRIKA) 
WRITE  16,2011 

201  FORMAT  I  1H0,//,46X,35HHUN0RECS  OF  CU.  FT.  FROM  UNAl  CUISl 
IFIKA  .EC.  21  GO  TO  202 

WRITE  16,1411 
GC  TO  203 

202  WRITE  16,  143) 

203  DC  204  1=1, NBK 

WRITE  16,1531   I ,  (POCFNl  1 , J)  ,  J  =  MK .NK)  .SCNBIKA, 1  ) 

204  CONTINUE 

WRITE  16,155)  I SCNTI  1  I , I=MK,NK) ,SCNIKA] 
WRITE  16.205) 

205  FORMAT  I  1  HO, / / , 39X , 5CHACRES  OF  NONCOMMERCIAL  THINNING  DURING  NEXT 
IPFRIOD) 


WORKlfJC     GRCUP 


aCBGNI  1  , J,K  I 
4CFNL I  I  ■ J,KI 


THSC ( I  I 
THCU( I ) 
THPni  I  I 


IFiKO  .EC.  !l     GO  TO  706 
W«  ITE  (6,  mi 
GC  TO  ?07 

206  HR  [TE  16.  I'fJI 

207  Cr  208  1=1, NPK 
H«1TE  16.1531  1, (HELPI 1 , Jl , J  =  MK,HK1 ,SHL{K«.  11 

208  CCNTINUE 
WRITE  16,1551   I  SThPl  I  I  ,  l=r"K  ,^^K  1  .SSHPIKS) 

210  CCNTINUE 
C 

C  SUM  THE  ANNUAL  CUTS  BflSEC  ON  OPTIfUf*  AREA  REGLLATION 
C  AND  WTRKING  CIRCLE. 
C 

DC  230  I=l,NhCP 

DC    230    J=l  ,  10 
230     SA^JCUTI1)     =     SANCUTll)     ♦     ANCLTIl.JI 

DC    235     I=1,NUGP 

SFNLI  1  1  =  SANCUT  I  1  1 

1F(SHWD(II  .EC.  C.OI  SFNLIII  =  CO 
235  CCNTINUe 

DC  2<.0  1  =  1,NHGP 

SCPTAIII  =  SANCUIIll  *  SFNLIl)  *  ACINTIll 

SCPTBIII  =  OPBOIII  •  FNBD(n  <  8F1NTI1I 

SOPTCIIl  =  OPCUIll  »  FNCUlll  •  CUINTlll 

SICLA  =  SICLA  •  SCPTAl  I  ) 

SIDLB  =  SIDLB  •  SOPTBl  I  1 
240  SIDLC  =  SIOLC  *  SOPTCIIl 
C 

C  COMPUTE  POSSIBLE  ANNUAL  CUTS  DURING  NEXT  PERIOD  -  BASIS  HCRK  INDEX. 
C 

DC  250  I=l.NKGP 

DP  250  J=1,N8K 

DC  250  K  =  l,  15 

RGACI  I  1  =  RGACI  1  ) 
250  FNACI  I  I  =  FNACI  I  I 

TEM  =  1.0  /  TIME 

DC  260  I=1,NWGP 

FINBI  I  1  =  SFRI  I  I  •  TEM 

FINCI  I  I  =  SCNl  I  I  •  TEM 

FNACI  I  1  =  FNACI  I  )  •  TEM 

RGACI  I  I  =  RGAC  (II  ♦  TEM 

RGBDI  I  1  =  SBHI  I  I  •  TEM 

RGCUI  I  1  =  SCRI  I  1  •  TEM 

THACl  II  =  ISATHI  I  I  •  SAHPI  I  I 

TFBOI  1  I  =  SBFRI  I  I  •  TEM 

THCUI  I  1  =  SCUB I  1  1  »  TEM 

260  CONTINUE 
DO  261  I=1.NWGP 

TCTACI  1  I  "     RGACI  I  1  ♦  FNAC I  1  I 
TCTCUI  I  I  =  RGCUI  II  ♦  F  INCI I  I 
TOTODI  I  1  =  RGBDI  I  1  *  F INBI  1  1 
ANN4C  =  ANNAC  *  TOTAC I  I  I 
ANNCU  =  ANNCU  *  TOTCUIIl 

261  ANNBD  =  4NNBD  »  TOTBDII) 
C 

C  PRINT  PAGE  TYPE  1  -  SUMMARY  OF  RESULTS  AND  GUIDE  TO  MANAGEMENT. 
C 

WRITE  16,2'3'Jl 

299  FORMAT  I  I H  1  , / / , 59X ,  1  IHP AGE  TYPE  11 
WRITE  (6,3001  (FORETI  I  I , 1  =  1  , 3  1 

300  FORMAT  I IHO ■ / / , 39X , 28HGU 1 DE  FOR  MANAGEMENT  CF  THE  ,3A8,/I 
WRITE  16,3021  lOATEl 11.1=1,31 

302  FORMAT  1 IHO, 5X , 2 5HBAS ED  ON  DATA  CURRENT  TC  ,3Aai 

WRITE  (6, 30'.!  SLANO, OURS, STYPl  171  ,  TMBR.SBARE.STYPI  161  ,STYP(  131 

304  FORMAT  I1H0,31HTHE  WORKING  CIRCLE  CONSISTS  OF  ,FI0.1,18H  ACRES.  OF 
1  THESE,  .FIO.I,27H  ACRES  ARE  OWNED  BY  US  AND  ,F10.1,19H  ACRES  ARE 
21NTERI0R/1H  ,'.5HIRaCT5  OF  OTHER  OWNERSHIP.  CUR  AREA  INCLUDES  ,F10. 
31,I7H  TIMBERED  ACRES,  ,F10.I,18H  PLANTABLF  ACRFS,   ,F10.I,17H  ACRES 

4  MANAGED  AS/IH  ,UHRAN&E,  AND  .F10.1.106H  ACRES  OF  HIGH  RECREATION 

5  USE  WHERE  TIMBER  YIELDS  ARE  INCIDENTAL  AND  NOT  REGULATED.  SEE  PAG 
6E  TYPE  5.  6.  8,/lH  ,30HAND  9  FOR  AREA  CL AS S I F I C AT  I  ON.  1 

WRITE  (6,3C6I 
306  FORMAT  (IHCTCHTHE  TIMBER  RESOURCE  OF  THIS  WORKING  CIRCLE  WILL  BE 
IMANAGED  AS  FOLLOWS-I 
WRITE  16, 3081  F I NL ( 1 1 
308  FORMAT  (IH  ,  1  1 X , '.'.HP  I NE  WORKING  GROUP-  TWO-CUT  SHELTERWCCO  W1TH,F5 
1.1, 3BH  YEARS  BETWEEN  REMOVAL  AND  FINAL  CUTS.l 
WRITE  16,3101 
310  FORMAT  (IH  ,  I  I X , 73HSPRUCE  WORKING  GROUP-  CLEARCUT  BY  SMALL  AREAS  W 
IITH  SEEDING  FROM  THE  SIDE.l 
WRITE  16.3201 
320  FORMAT  1  IHO , 58HR EGUL A T I  ON  OF  THE  CUT  WILL  BE  BY  AREA  WITH  A  VOLUME 
1  CHECK.  1 
WRITE  16.3221 
322  FORMAT  I  1  HO,  1 25HW I TH  THE  DECISIONS  AND  AREAS  ON  PAGES  TYPE  A  AND  1 
13  AND  WITH  BALANCED  DISTRIBUTION  OF  AGE  CLASSES,  ALLOWABLE  ANNUAL 
2CUT  WOULD/IH  .I4HBE  AS  FOLLOWS-1 
WRITE  16.3241 
324  FORMAT  I  1  HO . 64X .  1  1 HHUNOREOS  OF/IH  . 42X . 5H ACRE S . 1 9X . 7HCU .  FT..17X.9 
IHM  6D.  FT.  I 
WR ITE  16.3261 
326  FORMAT  I  1  HO , 1 1 X , 1 7HREGENER A  I  I  ON  CUTSI 

WRITE  16.3261  SANCUT I  1  I . OPCU I  1  I  . OPBO 1  1 1 
328  FORMAT  I  IHO.  1  5X ,  1  8HP  I  NE  WORKING  GROUP . 5X . F 1  1 .  1  .  1  4 X  .  F  1  1  .  1  .  1  4 X  .  F  I  1  .  I 
1  1 
WRITE  16.3301  S ANCUT I  2 ) . OPCU I  2  I . OPBD 1 2 1 
330  FORMAT  I  1  HO ,  1  5X , 20HSPRUCE  WORKING  GROUP , 3X , F 1  1 .  1 , 1 4 X  ,  F  1  1  .  1  .  1 4X . F 1 1 
1.11 
WRITE  16.3401 
340  FORMAT  I IHO . 1 1 X . 1 BHF I N AL  REMOVAL  CUTSI 
WRITE  16.3281  SFNL I  1  I  . FNC U I  1  1  . FNBD I  1  I 
WRITE  16.3301  SFNL 121  .FNCUI  21  .FNBD(21 
WR ITE  16. 3421 
342  FORMAT  I  1 HC.  1 IX .  1 7H I N TERMED  I  A TE  CUTSI 

WRITE  16,3281  AC  I  NT  I  I  I , CU I  NT  I  1  I . BE  I  NT  I  1  I 
WRITE  16.3301  AC INTI21 ,CUINTI2I ,BF1NTI2I 
WR ITE  16,  344  I 


<"..,  FCMAT  I  Ih  I-,  1  IX  ,  IBHTOTAL  FUR  ONE  Yt  AR  I 

»'<nE  (t.WRI  SOPTAI  I  I  .SOPTC  (  1  I  ,SOPTH  I  1  I 

WRITE  (6,3>OI  SOPTAl 21  ,S0PTC(21 ,S0PTR{2I 

rf'ITr  16,1461  SIDLA.SIOLCSIOLS 
146  FO'OIAT  I  lEC,  IIX,  16HT0TAL  ALL  GROUPS ,  1  1  X  ,  F  U  .  1  ,  1  4  X  ,  F  1  1  .  L  ,  14  X  .  F  1  1  .  1  1 

b  i ITt   I  6.  3481 
34K  FORMAT  I  1  HO . / ,  1 X .  1 26HCNL Y  COMMERCIAL  VOLUMES  INCLUDED  IN  THE  TABLE 

1  Af.lWF  AMD  IN  THE  NEXT  TABLE.  CUTS  ARE  ASSIGNED  TO  BOARD-FOOT  TOTA 
2LS  IF  POSSIBLE. /IH  ,I12HTHEY  APPEAR  IN  CUBIC-FOOT  TOTALS  ONLY  WHEN 
3  COMMfRriAL  SAWLOG  CUTS  ARE  NOT  POSSIBLE.  AREAS  INCLUDE  NCNCOMMERC 
41  AL.  I 

WRITE  16. 1501 
35C  FORMAT  I  1  H  1 . /  /  , 56X ,  I  8HPAGE  TYPE  1,  CONT.I 

WRITE  16,3521 
152  FORMAT  I IHO, 126HrxAHINATI0N  OF  THF  WORKING  CIRCLE  INDICATES  THAT  A 
ICTUAL  ANNUAL  CUT  DURING  THE  NEXT  PERIOD  COULD  BE  AS  SHOWN  ON  PAGES 

2  TYPE  1  IF/IE  ,125HALL  POSSIBLE  CULTURAL  CPERATIONS,  AS  INDICATED 
3BV  WORK  CODES.  WERE  PERFORMED.  IN  SUMMARY,  THERE  IS  A  POTENTIAL  AN 
4NUAL  CUT  OF-1 

WRITE  16,3241 
WRITE  16,3261 

WRITE  I6,1?B1  RGAC (  1  I  ,RGCU1  I  I  ,RGBD( 1  I 
WRITE  16.3301  RGACI21 .RGCU(21 .RGB012I 
WRITE  16.3401 

WRITE  16,3231  FNACI 1 1 ,FINCI  11  , FINBI II 
WRITE  (6,3301  FNAC I  2 1  , F I NC I  2 1  , F I NB I  2 1 
WRITE  16,3421 

WRITE  16,3281  TH AC  I  1 1  , THCU I  1  I  .  THBD  I  1  I 
WRITE  16.3101  THACl  21  . THCUI 21  .THHnl2l 
WRITE  16.3441 

WRITE  16.3281  TQIACI  1  I  .TOTCUI 1  I . TOTBOI  1  I 
WRITE  16.3301  TOTACI 2  I  . T0TCLI2I . T0TB0I2I 
WRITE  16.3461  ANNAC, ANNCU, ANNBD 
WRITE  16,360  1 
360  FORMAT  I  IHO,//, lX,a5HF0RMULA  COMPUTATION  CF  ALLOWABLE  ANNUAL  CUT. 
ICuniC-FCOT  VOLUMES  INCLUDE  SAWLOG  TREES-I 


C  COMPUTE  ANNUAL  CUT 


HEYER  FORMULA  USING  M.A.I.  FROM  YIELD  TABLES. 


CO  380  I=1,NWGP 

IF ( ADJI II  .EG.  0.01  GC  TO  379 

ALwCFIII  =  BDMAIIIl  ♦  I SDBF I  I  I  /  ADJIIll 

ALOWCIIl  =  CUMAIIIl  ♦  ISDMCIll  /  ADJIIll 

GO  TO  380 
579  ALWRFIII  =  BDMAIIIl  •  SDBF I  I  I 

ALDWCI  I  1  =  CUMAI  III  »  SOMCI  I  1 
380  CCMINUE 

WRITE  16, 3901 
390  FORMAT  I  1 HC.  1 1 X . 79HHE YER  FORMULA  WITH  M.A.I.  FROM  OPTIMUM  YIELD  TA 
IRLES  AND  COMPUTED  GROWING  ST0CK51 

WRITE  16.3641 
364  FORMAT  I IHO. 42X . 1 OHAD JUSTMENT . 1 2 X . 1 1 HHUNDRE OS  OF/IH  .44 X . 6HPEK lOD . 
116X.7HCU.  FT..17X,9HM  BO.  FT. I 

WRITE  I6,3?BI  ADJI  1  I. ALOWCI  II  .ALWBFI I  I 

WRITE  16.3301  ADJI21 .ALOWCI 21 .ALWBFI21 

WRITE  16.3501 

WRITE  16,3921 
392  FORMAT  I  1  HO,  1 1 X , 65HME AN  ANNUAL  INCREMENTS  USED  TO  OBTAIN  THE  RESUL 
ITS  TABULATED  OBOVEI 

WRITE  (6,3641 

WRITE  16,3281  AC  J  I  I  I . C UMA I  I  1  I . BDMA I  1 1  I 

WRITE  16.3301  AC  J  I  2 1 , CUMA 1  I  2 1 , BDMA I  I  2 1 

WRITE  16.3951 
395  FORMAT  1  1  HO .  1 20HFnRMUL A  COMPUTATIONS  ARE  BASED  ON  VOLUME  AND  AREA 
ICCMPUTATIONS  SUMMARIZED  ON  OTHER  PAGES.  VOLUME  GOALS  ARE  ON  PAGES 
2TYPE/1H  .12nH4.   10,   11,   12,  AND  13.  ACTUAL  AREAS  AND  VOLUMES  ARE  0 
3N  PAGES  TYPE  6,   7,  8,  AND  9.  CUBIC  VOLUMES  INCLUDE  ALL  TREES  LARGE 
4R/1H  .68HAN0  OLDER  THAN  MINIMUM  LIMITS  FOR  INCLUSION  IN  GROWING  ST 
50CK  VOLUME. I 

WRITE  16.4001 
400  FORMAT  I  IHO.  124HST4NnS  SELECTED  FOR  HARVEST  AND  REGENERATION  WILL 
IINCLUDE  THOSE  CLASSED  AS  WORK  INDEX  4.  5.  OR  6.   IT  IS  EXPECTED  THA 
2T  NEARLY/IH  .126HE0UAL  AREAS  WILL  BE  CUT  ANNUALLY  IN  STANDS  CF  EAC 
3H  SITE  CLASS.  IE  THIS  IS  NOT  DESIRABLE.  FACTORS  THAT  INDICATE  RELA 
4TIVE  VOLUME/IH  . 59HPR0DUC T I  ON  IPAGE  TYPE  141  MAY  BE  USED  FOR  AREA 
5ACJUSTMENTS. I 

WR ITE  16,4051 

405  FORMAT  IIHCICOHIE  WORK  IS  DONE  DURING  NEXT  PERIOD  AS  SPECIFIED  BY 
1  WORK  INDEXES.  PERIODIC  ANNUAL  INCREMENTS  WILL  BE- 1 

WRITE  16.4061 

406  FORMAT  I IHO. 44X , 1 IHHUNDREDS  OF/IH  ■46X.7HCU.  FT.,17X.9HH  BD.  FT. I 
WRITE  (6.4071  PA  ICU  I  1  I  .  PA  I  BD I  1  I 

407  FORMAT  I  IHO.  1 5X .  1  BHP 1 NE  WORKING  GROUP . 1 3 X . F B .  1 , 1 6X . F 9 . 1  I 
WRITE  16.4081  PAICUI 21 .PAIBDI 21 

408  FORMAT  I  IHO .  1 5X , 20HSPRUCE  WORKING  GROUP . I  I  X , F 8 .  1 . 1 6 X  .  F8.  1  I 
WRITE  (6. 3501 

WRITE  16,4151 

415  FORMAT  I IHO , 85HCORRE SPOND ING  PERIODIC  INCREMENTS  WITH  SAME  ASSUMPT 
UONS  CONCERNING  WORK  ACCOHPL  I  SHED- I 

WRITE  16,4161 

416  FORMAT  I  1 HC , 4 0 X .  1 8HP l NE  WORKING  GROUP , 36 X . 20H SPRUC E  WORKING  GRCUPI 
WRITE  16.4171 

417  FORMAT  IIH  .  1 5X , 3HAGE , 14X , 1 IHHUNDREDS  OF , 44X , 1 1 HHUNDREDS  OF  I 
WRITE  16,4181 

418  FORMAT  IIH  , 4X , 5HBL0C K , 5X  ,  5HCLA S S ,  1  5 X , THCU.  FT.,15X.9HM  BD.  FT. .24 
1X.7HCU.  FT..15X.9HM  BD.  FT. ./I 

00  420  I-1.N8K 
DO  420  J=l. 15 
MA  =  I  ( J-1  I  •  101  •  1 
NA  =  J  «  10 

WR  ITE  16.4191  I  .MA.NA.GRMCI  1.  I  .  Jl  .GRBOI 1 . I  .  Jl  .GRMC  12,  I  ■  Jl  .GRB0I2. I 
1,  J  1 

419  FORMAT  IIH  , 5 X , I  2 , 6X ,  I  3 .  IN- ,  I  3  .  1 3X .F 1 0 . 1  .  I  2 X  .  F 1 0.  1  .  2 3 X , F 10 . 1 .  1  2X , F 
110.11 

420  CONTINUE 
RETURN 
END 


APPENDIX  2 


An  Application  of  TEVAP 


An  example  of  what  TEVAP  can  do  is  provided 
by  the  hypothetical  situation  described  below  and 
by  reproductions  of  the  computer  records  produced. 
The  test  forest,  the  mythical  Bogus  Notional  Forest, 
is  managed  as  one  working  circle.  The  working 
circle  is  subdivided  into  three  blocks  on  the  basis 
of  typography,  transportation  system,  and  distri- 
bution of  wood-using  plants.  Total  areas  of  each 
block,  interior  tracts  of  other  ownership,  high  use 
recreation  areas,  and  so  forth,  are  known.  The 
forest  has  not  yet  been  subdivided  into  compart- 
ments;  the   AREA2   option   of   TEVAP    is  applicable. 

Numerous  decisions  have  been  made  concern- 
ing management  objectives  and  how  they  may  be 
attained.  Past  records  of  the  forest  and  silvicultural 
characteristics  of  each  species  were  considered  during 
the  planning  process.  Decisionmaking  was  assisted 
by  computer  simulation  of  forest  activities  (Myers 
1968).  The  effects  of  changes  in  rotation  length 
and  other  variables  subject  to  control  were  examined. 
It  was  decided  that  the  following  controls  would 
apply  to  timber  management  on  the  working  circle: 

Working  groups. 

a.  Pine  working  group  — Pine  under  two-cut  shelter- 
wood. 

b.  Spruce  working  group— Spruce  clearcut  in  small 
patches  with  natural  regeneration. 

c.  A  third  group  is  still  in  the  planning  stage— 
selectively-cut  pine  in  areas  of  highest  scenic 
value.  Algorithms  applicable  to  many-aged  stands 
will  be  added  to  GOT  and  GOAL,  when  needed. 


Rotations. 

a.  Pine  group— 1  10  years  for  site  40,    I  30  years  for 
remainder. 

b.  Spruce  group— 90   years   for   site   50,    110   years 
for  remainder. 


Thinning. 

a.  Pine  group— Initial  thinning  at  age  30  to  level 
100.  Subsequent  thinnings  at  20-year  intervals 
to  level  100. 

b.  Spruce  group— Initial  thinning  at  age  30  to  level 


100.      Subsequent    thinnings  at  20-year  intervals 
to  level  90. 

Minimum  site  class  to  be  managed  for  wood 
products. 

a.  Pine  group— site  index  40. 

b.  Spruce  group— site  index  50. 

Many  decisions  provided  as  inputs  to  the  pro- 
gram ore  recorded  on  page  type  4  of  the  output 
reproduced  below.  Other  input  data  are  recorded 
on  pages  of  types  1 ,  10,  and  13. 

An  inventory  of  the  timber  resource  andanalysis 
of  the  data  were  completed  5  years  ago.  At  that 
time,  summary  cards  with  the  items  specified  for 
data  card  type  16  were  punched.  The  inventory 
file  has  increased  annually  through  addition  of 
records  that  describe  thinning  jobs  and  other  changes 
in  stands  of  known  area.  The  inventory  file  now 
consists  of  251  records,  104  of  which  are  job  and 
similar  reports  and  147  sample  "unknown"  parts 
of  the  working  circle.  All  inventory  records  are 
updated  to  a  common  time  base  annually 
(Appendix  5). 

Land  books  and  other  records  provide  the  total 
number  of  acres  in  each  block  and  the  area  occu- 
pied by  nonforest  vegetative  and  use  types  13 
to  17,  inclusive.  These  acreages  are  recorded  on 
pages  type  5  and  6. 

The  output  that  follows  requires  use  of  data 
cards  of  all  types  except  for  types  8  to  13,  inclusive. 
Pages  appear  in  the  order  in  which  they  might 
appear  in  a  management  guide,  not  in  the  order 
produced.  For  brevity,  only  two  sheets  each  of 
pages  type  10,  11,  and  12  ore  reproduced.  Com- 
plete output  would  include  six  sheets  of  each  of 
these  types,  one  for  each  site  index  class  of  each 
working  group.  Examples  of  pages  produced  with 
card  types  8  to  1  3  appear  in  Appendix  3. 

A  management  guide  can  be  produced  on  micro- 
film annually  for  distribution  to  appropriate  land 
managers  and  staff.  The  example  below  required 
69.5  seconds  of  central  processor  time  for  compila- 
tion and  execution.  The  time  required  for  compu- 
tation by  conventional  methods  might  be  as 
many  days! 
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PAGE  TVPF  1 


GUICE  FOR  MANaf.F^'eNT  HF  THE  PCGUS  NATIONAL  FCPHST 

PASFC  CN  CATA  CURRENT  TO  JANUARY  >• ,      I  <)  7 1 

THt  hCRKING  C1'<CLE  CCNSISTS  OF  29^',^0.'-     ACKES.  OF  THESE,     2<><.6<)1.0  ACRES  ARE  OWNED  OY  US  ANT      <.77<)').'.  ACRES  ARE  INTERIOR 

THACTS  CF  CTHER  OWNERSHIP.  CUR  AREA  INCLUDES    20'.<i'.7.8  Tlr-HEREIl  ACRES,      ?5661.5  PLAMABLE  ACRES,       «19B.«  ACRES  MANAGED  AS 

RANGE,  ANt       39  11.1  ACRES  OF  UGH  RECREATION  USE  WHERE  TIMBER  YIELDS  ARE  INCIDENTAL  AND  NOT  REGULATED.  SEE  PAGE  TYPE  5,  6,  B. 
A^D  9  FCR  AREA  CLASSIFICATION. 

THE  TIMBER  RESCUKCE  CF  THIS  WORKING  CIRCLE  WILL  6E  MANAGED  AS  FOLLCWS- 

PINE  WORKING  GRCUP-  TWO-CUT  SHELTERWCOO  WITH  20.0  YEARS  BETWEEN  RfCUAL  ANC  FINAL  CUTS. 
SPRUCE  WCRKING  GROUP-  CLEARCUT  BY  SMALL  AREAS  WITH  SEEOING  FROM  THE  SIDE. 

REGULAIICN  CF  THE  CUT  WILL  EE  BY  AREA  WITH  A  VOLUME  CHECK. 

NL  AREAS  ON  PAGES  TYPE  ^  AND  13 


WITH  THE  CECISIUNS 
BE  AS  FCLLCWS- 


ITH  BALANCED  DISTRIBUTICN  CF  AGE  CLASSES,  ALLOuARLF  ANNUAL  CUT  WOULD 


HUNDREDS  CF 
CU.  FT. 


RCGFNERATICN  CUTS 

PINE  WCRKING  GRCUP 
SPRUCE  WCRKING  GRCUP 

FINAL  REMOVAL  CUTS 

PINE  WCRKING  GROUP 
SPRUCE  WORKING  GRCUP 

INTERMEDIATE  CUTS 

PINE  WCPKINC  GRCUP 
SPRUCE  WCRKING  GRCUP 

TOTAL  FOR  CNE  YEAR 

PINE  WCRKING  GROUP 
SPRUCE  WCRKING  GRCUP 

TOTAL  ALL  GROUPS 


Ut6.3 
167. B 


U6t.  3 
CO 


I  1386.9 

812.1 

12199.0 


0.0 
0.0 

0.0 
0.0 

7071.9 
1245.8 

7071.9 
12<.8.8 
8320. 7 


17128. <. 
2027.6 

I066<..  1 

0.0 

7032.9 
326.3 

34825.3 

2353.9 

37179.2 


CNLY  CCMMERCIAL  VOLUMES  INCLUDED  IN  THE  TABLE  ABOVE  AND  IN  THE  NEXT  TABLE.  CUTS  ARE  ASSIGNED  TO  BOARD-FOOT  TOTALS  IF  POSSIBLE. 
THEY  APPEAR  IN  CUfllC-FCOT  TOTALS  ONLY  WHEN  COMMERCIAL  SAWLOG  CUTS  ARE  NCT  POSSIBLE.  AREAS  INCLUDE  NONCOMMERCIAL. 


PAGE  TYPE  I,  CENT. 

EXAMINATION  CF  THF  WCRKING  CIRCLE  INDICATES  THAT  ACTUAL  ANNUAL  CUT  DURING  THE  NEXT  PERIOD  COULD  BE  AS  SHOWN  ON  PAGES  TYPE  3  IF 
ALL  PESSIBLE  CULTURAL  OPERATIONS,  AS  INDICATED  BY  WORK  CODES,  WERE  PERFORMED.  IN  SUMMARY,  THERE  IS  A  POTENTIAL  ANNUAL  CUT  OF- 


HUNDRECS  OF 
CU.  FT. 


REGENERATION  CUTS 

PINE  WCRKING  GROUP 
SPRUCE  WCRKING  GRCUP 

FINAL  REMOVAL  CUTS 

PINF  WCRKING  GROUP 
SPRUCE  WORKING  GRCUP 

INTERMEDIATE  CUTS 

PINE  WCRKING  GROUP 
SPRUCE  WORK ING  GRCUP 

TOTAL  FCR  CNE  YEAR 

PINE  WCRKING  GROUP 
SPRUCE  WORKING  GROUP 

TOTAL  ALL  GROUPS 


3588.3 
239.0 

2151.9 

CO 

8624.1 
773.0 

14364.4 

1012.0 

15376.3 


0.0 

0.0 

19270.5 
5480.  1 

2B951.9 

5480.  1 

34431  .9 


29755.7 
3807.6 

6900.4 
0.0 

3298.7 
1733.8 

39954.8 

5541.4 

45496.2 


FORMULA  COMPUTATION  CF  ALLOWABLE  ANNUAL  CUT.  CUBIC-FCOT  VOLUMES  INCLUDE  SAWLOG  TREES- 

HEYER  FORMULA  WITH  M.A.I.  FROM  'PIIMUM  YIELD  TABLES  AND  COMPUTED  GROWING  STOCKS 


PINE  WCRKING  GROUP 
SPRUCE  WORKING  GRCUP 


ADJUSTMENT 
PERIOD 


30.0 
3C.0 


HUNDREDS  CF 
CU.  FT. 


74829.7 
18929.9 


M    BO.    FT. 

25314.5 

4838.2 


PAGE  TYPE  li  COM. 
CESN  iKNUAL  INCREMENTS  USED  TO  OBTAIN  THE  RESULTS  TSBULATEO  ABOVE 


PINE  WORKING  GROUP 
SPRUCE  WORKING  GROUP 


ADJUSTMENT 
PERIOD 


30.0 
3C.0 


HUNDREDS  OF 
CU.  FT. 


T'10.2 


M  BD.  FT. 

35617. B 

2<.01.2 


FORMULA  COMPUTATIONS  ARE  BASED  ON  VOLUME  AND  AREA  COMPUTATIONS  SUMMARIZED  ON  OTHER  PAGES.  VOLUME  GOALS  ARE  ON  PAGES  TYPE 
4.  10,  11,  12,  AND  13.  ACTUAL  AREAS  AND  VOLUMES  ARE  ON  PAGES  TYPE  6,  7,  8.  AND  <).  CUBIC  VOLUMES  INCLUDE  ALL  TREES  LARGER 
AND  OLDER  THAN  MINIMUM  LIMITS  FOR  INCLUSION  IN  GROWING  STOCK  VOLUME. 

STANDS  SELECTED  FOR  HARVEST  AND  REGENERATION  WILL  INCLUDE  THOSE  CLASSED  AS  WORK  INDEX  4,  5,  OR  6.  IT  15  EXPECTED  THAT  NEARLY 
ECUAL  AREAS  WILL  BE  CUT  ANNUALLY  IN  STANDS  OF  EACH  SITE  CLASS.  IF  THIS  IS  NOT  DESIRABLE.  FACTORS  THAT  INDICATE  RELATIVE  VOLUME 
PRCDUCTIDN  IPAGE  TYPE  14)  MAY  BE  USED  FOR  AREA  ADJUSTMENTS. 

IF  WORK  IS  DONE  DURING  NEXT  PERIOD  AS  SPECIFIED  BY  WORK  INDEXES,  PERIODIC  ANNUAL  INCREMENTS  WILL  BE- 


PINE  WORKING  GROUP 
SPRUCE  WORKING  GROUP 


HUNDREDS  OF 
CU.  FT. 


118077.2 
18426. I 


M  BD.  FT. 

47095.1 

6663.4 


PAGE  TYPE  1,  CONT. 
CORRESPONDING  PERIODIC  INCREMENTS  WITH  SAME  ASSUMPTIONS  CONCERNING  WORK  ACCOMPLISHED- 


CLASS 

1-  10 
11-  20 
21-  30 
31-  40 


PINE  WORKING  GROUP 
HUNDREDS  OF 
CU.  FT. 


BD.  FT. 


41- 


50 


51-  60 

61-  70 

71-  80 

81-  90 

91-100 

101-110 

11 1-120 

121-130 

131-140 

141-150 

1-  10 

11-  20 

21-  30 

31-  40 

41-  50 

51-  60 

61-  70 

71-  80 

81-  90 

91-100 

101-110 

111-120 

121-130 

131-140 

141-150 

1-  10 

11-  20 

21-  30 

31-  40 

41-  50 

51-  60 

61-  70 

71-  80 

81-  90 

91-100 

101-110 

lU-120 

121-130 

131-140 

141-150 


0.0 

0.0 

8.4 

4979.4 

47312.8 

14230.2 

26498.3 

35148.8 

19751.9 

111.4 

61500.1 

21151.1 

107637.7 

1 1788.1 

25802.9 

0.0 

164851.4 

409.8 

116. 2 

32520.1 

27999.0 

40249.7 

36220.3 

30369.5 

58031.8 

54957.2 

365B0.6 

29613.4 

14266.1 

21200.5 

0.0 

0.0 

43529.0 

8415.4 

20688.0 

2323.3 

11277.3 

12935.7 

13257.4 

7350.7 

15109.3 

35976.5 

60397.3 

9449.1 

16756.8 


0.0 

0.0 

0.0 

0.0 

435.7 

0.0 

1845.9 

13629.5 

274.5 

69.8 

24610.5 

13120.2 

46644.0 

7138.9 

15689.5 

0.0 

132458.2 

336.2 

1.3 

2531.7 

5699.3 

5914.4 

9742.8 

12720.7 

30563.8 

13043.4 

12010.4 

15067.4 

8082.1 

9430.4 

0.0 

0.0 

22954.1 

0.0 

798.1 

16.3 

908.3 

1954.3 

5756.2 

3936.0 

6981.4 

15170.2 

18400.1 

5984.0 

4631.8 


SPRUCE 

WORKING 

GROUP 

HUNDREDS  OF 

CU. 

FT. 

0.0 
0.0 
0.0 

0.0 

550.9 

0.0 

M  B 

19064. 
101. 


6799. 

35446. 

182. 

50204. 

0. 

11346. 

23679. 

446. 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


15385. 
14480. 

0. 

0. 

0. 


4874.4 

21.7 

3199.1 

0.0 

7229.  1 

19167.7 

306.8 

0.0 

0.0 

0.0 


9102.3 

9900.4 


PAGE  TYPE  2 


COMPARISON  OF  ACTUAL  GROWING  STOCK  WITH  GROWING  STOCK  GOAL 
BOGUS  NATIONAL  FOREST 


PINE  WORKING  GROUP 
THOUSANDS  OF  BOARD  FEET  IN  TREES  10.0  INCHES  O.B.H.  AND  LARGER 


AGE 
CLASS 


ACTUAL  GROWING 
STOCK 


GROWING  STOCK 
GOAL 


VOLUME 
DIFFERENCE 


STATUS  OF 
ACTUAL  VOLUME 


ICO 

no 

1  JO 
MO 

150 


CO 

0.0 

0.0 

0.0 

0.0 

0.0 

21<).l 

10330.1 

16599. S 

38095.3 

76097.3 

123900. « 

215117.2 

103359.8 

15B204.7 

7<il923.7 


97643.0 

0.0 

0.0 

0.0 

0.0 

15731.0 

52258. <. 

99933.7 

149913.2 

167977.0 

203'.17.8 

199'.03.6 

6<.7'.'i.l 

0.0 

0.0 

1051021.8 


-97643.0 

0.0 

0.0 

0.0 

0.0 

-15731.0 

-52039.3 

-89603.6 

-133313.3 

-129881.8 

-127320.5 

-75503.  1 

150373. 1 

103359.8 

158204.7 

-309098.0 


DEFICIT 
CORRECT 
CORRECT 
CORRECT 
CORRECT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
SURPLUS 
SURPLUS 
SURPLUS 


HUNDREDS  OF  MERCH.  CUBIC  FEET  IN  TREES  6.0  INCHES  D.fl.H.  AND  LARGER 


AGE 
CLASS 


ACTUAL  GROWING 
STOCK 


GROWING  STOCK 
GOAL 


VOLUME 
DIFFERENCE 


STATUS  OF 
ACTUAL  VOLUME 


100 
1  10 
120 
130 
140 
150 


0.0 

0.0 

0.0 

209.1 

79628.0 

49538.8 

107007.9 

155484.9 

161272.0 

170358.4 

378741.9 

343991.6 

640935.4 

240455.7 

463953.5 

2791577.2 


184955.2 

0.0 

2448.0 

63022.2 

146603.2 

220570.1 

306266.5 

338672.7 

417484.8 

414200. 1 

457763.3 

415929.2 

126431.5 

0.0 

0.0 

3094346.9 


-184955.2 

0.0 

-2448.0 

-62813. 1 

-66975.2 

-171031.4 

-199258.6 

-1B3187.B 

-256212.8 

-243841.7 

-79021.4 

-71937.6 

514503.9 

240455.7 

463953.5 

-302769.7 


PAGE  TYPE  2 
COMPARISON  OF  ACTUAL  GROWING  STOCK  WITH  GROWING  STOCK  GOAL 
BOGUS  NATIONAL  FOREST 

SPRUCE  WORKING  GROUP 

THOUSANDS  OF  BOARD  FEET  IN  TREES  10.0  INCHES  D.B.H.  AND  LARGER 


DEFICIT 
CORRECT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
SURPLUS 
SURPLUS 
SURPLUS 


AGE 
CLASS 


ICO 
1  10 
120 
130 
140 
150 


AGE 
CLASS 


100 

no 

120 
130 
140 
150 


ACTUAL     GROWING 
STOCK 

0.0 

0.0 

0.0 

0.0 

23.3 

0.0 

0.0 

0.0 

0.0 

2U67.2 

62660.7 

19411.7 

177.3 

18104.6 

0.0 

121544.8 


GROWING    STOCK 
GOAL 

0.0 

0.0 

0.0 

0.0 

0.0 

683.4 

4560.7 

10612.2 

15319.3 

17259.5 

0.0 

0.0 

0.0 

0.0 

0.0 

48435. 1 


HUNDREDS    OF    MERCH.    CUBIC    FEET    IN    TREES    6.0 


ACTUAL    GROWING 
STOCK 

0.0 

0.0 

0.0 

0,0 

523.1 

35647.9 

287.6 

47317.7 

0.0 

67018.  1 

277328.2 

72201.0 

461.8 

47170.2 

0.0 

547955.6 


GROWING    STOCK 
GOAL 

0.0 

0.0 

0.0 

3736.5 

13979.6 

25178.6 

36979.8 

40071.9 

43825.7 

40992.8 

0.0 

0.0 

0.0 

0.0 

0.0 


VOLUME 

STATUS  OF 

DIFFERENCE 

ACTUAL  VOLUME 

0.0 

CORRECT 

0.0 

CORRECT 

0.0 

CORRECT 

0.0 

CORRECT 

23.3 

SURPLUS 

-683.4 

DEFICIT 

-4560.7 

DEFICIT 

-10612.2 

DEFICIT 

-15319.3 

DEFICIT 

3907.7 

SURPLUS 

62660.7 

SURPLUS 

1941 1.7 

SURPLUS 

177.  3 

SURPLUS 

18104.6 

SURPLUS 

0.0 

CORRECT 

73109.7 

INCHES  D.B.H.  AND  LARGER 

VOLUME 

STATUS  OF 

DIFFERENCE 

ACTUAL  VOLUME 

0.0 

CORRECT 

0.0 

CORRECT 

0.0 

CORRECT 

-3736.5 

DEFICIT 

-13456.4 

DEFICIT 

10469.4 

SURPLUS 

-36692.3 

DEFICIT 

7245.8 

SURPLUS 

-43B25.7 

DEFICIT 

26025.2 

SURPLUS 

277328.2 

SURPLUS 

72201.0 

SURPLUS 

461.8 

SURPLUS 

47170.2 

SURPLUS 

0.0 

CORRECT 

343190.7 

PAGE  TYPE  i 


POTENIUL  WORK  LOSn  AND  YIELDS  FOR  NEXT  PERIOD 
BOGUS  NATIONAL  FOREST 


ACRES  OF  CnHKERCIAL  THINNING  DURING  NEXT  PERIOD 


0.0 

1685.9 

CO 


61<)1.2 
8069.5 
i808.7 


9517.9 
3149.6 
2808.7 


HUNDREDS  CF  CU.  FT.  REMOVED  3Y  THINNING 


O.C 

13626.8 

O.C 


'.9'.«3.3 
5163<f.7 
20270.8 


<.3527.3 

l<i201.9 

0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


15709.2 
1290'.. 9 
5617.', 


92970.6 
79463.5 
20270.8 


M  BD.  FT.  REWOVEO  BY  THINNING 


0.0 
0.0 


0.0 
0.0 
0.0 


0.0 

0.0 

3217.7 


14596.6 

0.0 

15173.1 


0.0 
0.0 
0.0 


14596.6 

0.0 

18390.7 


PAGE  TYPE  3 


BD.  FT.  TO  BE  SALVAGED  IN  NEXT  PERIOD 


0.0 
0.0 


0.0 
O.C 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 

0.0 

0.0 


0.0 
0.0 
0.0 


f     eO.  FT.  TO  BE  HARVESTED  BY  REGENERATION  CUTS 


8LCCK 

1 

2 
3 

TOTAL 


0.0 
0.0 
0.0 

0.0 


0.0 
242.7 

0.0 

242.7 


86592.7 
56487.4 
68353.2 

21 1433.3 


52597.5 

2  7  793.8 

5489.9 


139190.2 
84523.9 
73843. 1 


HUNDREDS  CF  CU.  FT.  FROt"  REGENERATION  CUTS 

TYPE  4 


0.0 
0.0 
0.0 


TYPE  3 

0.0 
0.0 
0.0 


0.0 

24504.3 

0.0 


41976. 1 

30333.2 

0.0 


41976. 1 
54837.5 

0.0 


PIGE  TYPf  f 


M  BD.  FT.  10  BE  HIRVESTED  BY  FIN4L  REMOVSL  OF  OVERMDOD 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


6358. 7 

209B. 1 

24127.1 


1079.5 
1 1837.9 
23502.3 


7't3e.2 
13936.0 
-17629.^ 


HUNDREDS  OF  CU.  FT.  FROM  FINAL  CUTS 


0.0 
0.0 

o.c 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 

0.0 
0.0 


0.0 
0.0 
0.0 


SCRES  OF  NONCOHh^ERCISL  THINNING  DURING  NEXT  PERICD 


TYPE  1 

1 

8. 

515. 

4266. 

.9 
,6 
.'I 

12493.6 
4764.3 
5617.4 


3117.9 
6512.4 
8426.  1 


3180.1 

191.2 

2808.7 


106.7 
0.0 
0.0 


18907. I 
11983.5 
21118.7 


P4GE  TYPE  3 


POTENTIAL  WORK  LOAD  AND  YIELDS  FOR  NEXT  PERIOD 
BOGUS  NATIONAL  FOREST 


ACRES  OF  COMMERCIAL  THINNING  DURING  NEXT  PERICO 


0.0 
0.0 
0.0 


0.0 
4724.3 

0.0 


0.0 

0.0 

1404.4 


0.0 
0.0 
0.0 


0.0 
4724.3 
1404.4 


HUNDREDS  OF  CU.  FT.  REMOVED  BY  THINNING 


O.C 
0,0 
O.C 


0.0 
49134.4 

0.0 


0, 

0, 

5666. 

.0 
.0 
.4 

5666. 

.4 

0.0 
0.0 
0.0 


0.0 

49134.4 

5666.4 


M  BD.  FT.  REMOVED  BY  THINNING 


0.0 

0.0 
0.0 


0.0 
9378.7 

0.0 


0.0 

0.0 

7959.5 


0.0 
0.0 
0.0 


CO 
9378.7 
7959.5 


P4GE  lYPF  ? 


M  BD.  Ft.  TO  Bt  SiLVaGEC  IN  NEXT  PeRIOC 


O.C 
0.0 
O.C 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


M  BO.  FT.  TO  BE  HSRVESIED  BY  REOEHERATICN  CUTS 


TYPE  6 

0.0 
0.0 
0.0 

0.0 


0.0 
0.0 
0.0 


0.0 
0.0 

0.0 


20779.7 
17296.3 

O.n 


0.0 

0.0 

0.0 


20779.7 

17296.3 

CO 


HUNDREDS  nF  CU.  FT.  FPOf"  REGENEROTIC^  CUTS 


0.0 
0.0 
0.0 


0.0 
0.0 
C.C 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 


0.0 
0.0 
0.0 


PAGE  TYPE  3 


H     BO.     FT.     TO    BE     H/SRVESTEO     BY     FINAL     REHOUOL     OF     OVERHCOO 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


HUNDREDS  OF  CU.  FT.  FROM  FINAL  CUTS 


0.0 
0.0 
0.0 


0.0 
0.0 
CO 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
CO 
O.C 


ACRES  OF  NONCOfHERCI Al  THINNING  DURING  NEXT  PERIOD 


26.7 

157<..e 

0.0 


0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


26.7 
1574.8 

CO 


P«GE  TYPE  4 


RECORD  OF  MANAGEMENT  DECISICNS  AND  CURRENT  CCNCITIONS 
BOGUS  N«T10N«L  FOREST 


NUMBER  OF  BLOCKS  -   3 

MINIMUM  AGE  FOR  GROWING  STOCK  -  30 

MINIMUM  M  BE.  FT.  FOR  GROWING  STOCK  -   1.5 

LENGTH  OF  PLANNING  PERIOD,  YEARS  -  10. 


NUMBER  OF  COMPARTMENTS  -  289 

LENGTH  OF  CUTTING  CYCLE,  YEARS  -   2 

LENGTH  OF  PREOICTICN  PERIOD,  YEARS 


LOWEST  SITE  CLASS  TO  BE  MANAGED 
LENGTH  CF  ACJUSTMENT  PERIOD,  YEARS 
M  BC.  FT.  TC  BE  LEFT  AS  SEED  SOURCE 
CU.  FT.  TC  BE  LEFT  AS  SEED  SOURCE 
YEARS  TC  LEAVE  OVERWCOC  AS  SEED  SOURCE 
EXPFCTEC  DELAY  IN  REGENERATION,  YEARS 
BC.  FT.  GROWTH  OF  SHELTERWOOC,  PERCENT 
CU.  FT.  GROWTH  OF  SHELTERWDOD,  PERCENT 
STOCKING  LEVEL  FOR  INITIAL  THINNING 
STOCKING  LEVEL,  5UBSE0UENI  THINNINGS 
MINIMUM  COMMERCIAL  CUT,  M  BO.  FT. 
MINIMUM  COMMERCIAL  CUT,  CU.  FT. 


PINE 

SPRUCE 

GROUP 

GROUP 

40.0 

50.0 

30.0 

30.0 

4.0 

0.0 

8.0 

0.0 

2C.0 

0.0 

10.0 

10.0 

3.00 

2.50 

?.50 

2.00 

lOC.O 

100.0 

100.0 

90.0 

1.5 

1.5 

4.0 

4.0 

CUBIC  FEET  IN  HUNDREDS 


COVER  TYPE 


PAGE  TYPE  5 


AREAS  OF  TYPES  IN  WORKING  CIRCLE 
BOGUS  NATIONAL  FOREST 


ACRES 


COVER  TYPE 


ACRES 


1  PIN  0-30 

2  PIN  31-50 

3  PIN  51-100 

4  PIN  101-40 

5  PIN  141* 

6  SPR  0-30 

7  SPR  31-50 

8  SPR  51-100 

9  SPR  101-40 
10  SPR  141* 


22057.9 

26471.2 

52957.2 

68467.0 

18622.4 

1558.9 

1610.4 

4764.3 

8438.6 

0.0 


11  DEFOREST-B 

12  DEFOREST-G 

13  RECREATION 

14  BARREN 

15  BRUSHLAND 

16  RANGE-HERB 

17  PRIVATE 
18 


TOTAL  AREA 


8152.2 

17509.3 

391  1.1 

581.6 

1390.2 

8198.8 

47799.4 

0.0 

0.0 

0.0 

292490.4 


PINE  GROUP 


SPRUCE  GROUP 


16372.2    DEFORESTED  ACRES 


TCTSL 
4CRES 


PACE  TYPF  6 


TCIAL  AREAS  TF  BLnCK5  iHD     hTRKIKG  CIRCLf 
BOGUS  NATIONAL  FCRfST 


<••••«  PLANTAOLE  ACRES  FORFSI  SCIL  »«.«»..«« 
BRUSHY  GRASSY  TPIAl 


FOREST  ANO  REGENERATING 
PINE  SPRUCE 


10'.1<)'..5 


2«<,<..3 


1S81 .2 
5226.5 
10301. (> 


7204.5 
5311.0 
131'.5.9 


DESIGNATIONS  OF  TYPES 

PIN  0-30  »  11     OEFOREST-B 

PIN  31-50  •  12     OEFCREST-G 

PIN  51-100  •  13     RECREATION 

PIN  101-40  »  14      BARREN 

PIN  141*  •  15      BRUSHLANO 

SPR  0-30  •  16     RANGE-HERB 

SPR  31-50  •  17      PRIVATE 

SPR  51-100  •  in 

SPR  101-40  •  19 

SPR  141*  «  20 


PAGE  TYPE  7 


VCILUHES    OF    BLOCKS    ANC    hCRKING    CIRCLE 
BOGUS    NATIONAL     FOREST 


6fl500.4 
69162.8 
50912.5 


4739.0 
881  1.2 
2822.0 


BLOCK 
NO. 


TOTAL  PINE  WORKING  GROUP 

TCTAL  HERCH.  H 

CU.     FT.  CU.     FT.  BO.     FT. 


TOTAL     SPRUCE     kCRKlNG    GROUP 

TOTAL  MERCH.  f 

CU.  FT.         CU.  FT.         BO.  FT. 


TOTAL  VOLUME  OF  BLOCK 
TOTAL  HERCH.  H 

CU.  FT.         CU.  FT.         BD.  FT. 


1476578.4 
1334102.0 
840874.4 


1 12492C.5 
1C191  14.2 
647542.5 


310747.4 
224349.6 
206826.7 


145796.1 
362130.0 
131 3C0.2 


132422.6 
292676.9 
122856. 1 


26683.6 
66383. n 
28477.4 


1622374.5 
1696232.  1 
972174.6 


1257343.1 
1311791.2 
770398.6 


337431.1 
290733.4 
235304.0 


sues   3651554.8 


2791577.2 


4290781. 1 


CUBIC  FEET  IN  HUNDREDS,  BOARD  FEET  IN  THOUSANDS 


P4GE  TYPE  e 


I0T4L  4HE4S  4ND  VOLUMES  OF  BLOCKS  AND 
BOGUS  NflTIONOL  FCREST 


(CRKING  CIRCLE 


BLCCK 
NC. 


lyPF 
KZ. 


TOISL 

TCISL 

KERCH. 

f 

4CRES 

NUMBER 

6CRES 

CU.     ET. 

CC.     FT. 

BC.     FT. 

LOW    SITE 

OF     RECORDS 

51  17.9 

0.0 

CO 

0.0 

0.0 

5. 

lAiSO-B 

13096<i.e 

17865.4 

0.0 

0.0 

15 

12706.9 

264375.0 

152749.9 

3348.2 

0.0 

16 

30<.15.  1 

849610.6 

741686.6 

232377.5 

0.0 

31 

7910.2 

231628.  1 

212618.6 

75021.8 

0.0 

8 

ii'.i.b 

0.0 

CO 

0.0 

0.0 

1 

35.6 

937.8 

523.1 

23.3 

0.0 

2 

0.0 

0.0 

CO 

0.0 

0.0 

0 

3157.8 

144858.3 

131899.5 

26660.4 

0.0 

5 

0.0 

0.0 

CO 

0.0 

0.0 

0 

5223. <i 

0.0 

CO 

CO 

0.0 

7 

1981.2 

0.0 

0.0 

0.0 

0.0 

5 

8753.9 

0.0 

CO 

0.0 

0.0 

13. 

6503.5 

111185.6 

43240.6 

n.o 

0.0 

8 

2761 1. 1 

527984.0 

382229.  1 

51120.6 

0.0 

29 

19795.2 

49765B.9 

41983C4 

120866.6 

0.0 

21 

6'.99.  1 

197273.5 

173814.  1 

52362.4 

0.0 

6 

CO 

CO 

CO 

0.0 

o.n 

0 

157",. 9 

19122.2 

CO 

0.0 

0.0 

1 

'.76«.3 

192187.4 

150271.3 

21167.2 

0.0 

4 

2472.1 

15C820.5 

1424C5.7 

45216.5 

0.0 

3 

0.0 

0.0 

CO 

0.0 

0.0 

0 

8<..5 

0.0 

CO 

0.0 

0.0 

2 

5226.5 

0.0 

CO 

0.0 

0.0 

8 

10186.  1 

0.0 

CO 

0.0 

o.n 

12. 

5617.'. 

93814.5 

16731.1 

0.0 

0.0 

4. 

12639.2 

151022.0 

108683.0 

10775.6 

0.0 

9. 

18256.6 

493855.5 

442607.6 

165230.7 

1404.4 

13. 

<.213.1 

1C2182.4 

77520.8 

30820.4 

0.0 

3. 

13.3 

0.0 

0.0 

0.0 

0.0 

1. 

0.0 

CO 

CO 

0.0 

0.0 

C 

0.0 

0.0 

0.0 

0.0 

0.0 

C 

2808.7 

131300.2 

122856.1 

28477.4 

CO 

2. 

CO 

CO 

CO 

0.0 

0.0 

0. 

2S4<..3 

0.0 

0.0 

0.0 

0.0 

4. 

10301.6 

0.0 

CO 

0.0 

0.0 

1  3 

230609.3  4290781.1 

CUBIC  FEET  IN  HUNDREDS,  BOARD  FEET  IN  THOUSANDS 


3339532.8 


PAGE  TYPE  9 


DISTRIBLTION  OF  AREA  BY  SITE  INDEX  CLASS 
BOGUS  NATIONAL  FCREST 


SITE  INDEX 


ACRES  OF  PINE 
WORKING  GROUP 


ACRES  OF  SPRUCE 
hCRKlNG  GROUP 


DEFORESTED 
ACRES 


4921. 
20563. 
30170. 
12844. 


0.0 

0.0 

0.0 

40.0 

1590.0 

3109.0 


3237.8 
2207.8 
1759.0 


CO 

0.0 

CO 

9653.1 

25876.4 

25279.5 

8353.8 

CO 

CO 

CO 


1574.8 
3242.9 
3993.6 


0.0 
0.0 
0.0 

1291.8 
222.2 

1797. 1 

o.o 

0.0 


CO 

CO 

1404.4 

12857.0 

11234.9 

15505.7 

9910.5 

CO 

0.0 

CO 


0.0 
0.0 
0.0 
0.0 


2822.0 
0.0 


0.0 

Q.O 

0.0 

0.0 

5706.3 

4453.1 

2986.5 

0.0 

0,0 

0.0 


P4GE  TYPE  10 


YIELDS  PER  aCRE  OF  f'ONAOEO,  EVEN-AGED  SIANDS  paSEO  CN  PRE  CE  T  E  KM  I NE  I)  SIANDARnS  FOR 
SITE  INDEX   70.,   20. -YEAR  CUTIING  CYCLE,  DENSITY  LEVEL  100. 


FORKING  GRCLP 


ENTIRE  STAND  BEFORE  AND  AFTER  THINNING 


PERIODIC  CUT  AND  MORTALITY 


STAND 

BASAL 

AVERAGE 

AVERAGE 

TOTAL 

MERCHANT- 

SAUTIMBER 

BASAL 

TOTAL 

MERCHANT- 

SAWTIKBER 

AGE 

TREES 

AREA 

D.B.h. 

HEIGHT 

VOLUME 

ABLE  VOLLME 

VCLUMF 

TREES 

AREA 

VOLUME 

ABLE  VOLUME 

VOLUME 

1  YEARS) 

NC. 

SO.  FT. 

IN. 

FT. 

CU.  FT. 

CU.  FT. 

M 

BD.  FT. 

NC. 

SC.  FT. 

CU.  FT. 

CU.  FT. 

M  BD.  FT. 

30. 

ICOO 

126 

'i.S 

25 

li'.S 

312. 

O.COO 

30. 

373 

68 

5.8 

27 

750 

312. 

0.000 

627 

58 

495 

0. 

0.000 

40. 

37C 

96 

6.9 

36 

1  399 

973. 

0.000 

50. 

365 

121 

7.8 

4A 

2203 

1789. 

1.400 

50. 

239 

9'. 

8.5 

<,5 

1  718 

1520. 

I  .iOO 

126 

27 

455 

269. 

O.COO 

110. 
110. 


130. 
130. 


140. 
150. 


235 

133 

154 

100 

154 

1  17 

154 

133 

104 

ICO 

104 

114 

104 

129 

10.2 
10.9 


12.6 
13.3 


14.2 
15.  1 


125 

17.7 

100 

18.4 

1  1  1 

19.4 

121 

20.3 

3229 

2998. 

H 

250 

2468 

2308. 

7 

270 

3232 

3038. 

12 

450 

4007 

3781. 

15 

350 

3055 

'891  . 

12 

210 

3717 

3530. 

15 

950 

4432 

4221. 

20 

240 

3437 

3280. 

16 

130 

4058 

3883. 

20 

130 

4671 

4479. 

24 

240 

3759 

3609. 

19 

900 

4309 

4146. 

23 

800 

4844 

4668. 

27 

720 

PAGE  TYPE  11 

GROWING  STOCK  OF  MANAGED,  REGULATED,  EVEN-AGED  STANDS 

SITE  INDEX   70.,   2C.-YFAR  CUTTING  CYCLE 

DENSITY  LEVEL-  100.  AND  100. 

WORKING  CRCUP  -  PINE 


VOLUMES  PRESENT  PER  ACRE  AT  END  OF  EACH 


MERCHANTABLE  CUBIC  FEET 
YEAR 


DECADE 

0 

I 

2 

3 

'• 

5 

6 

7 

8 

9 

0 

0 

0 

0 

0 

0 

C 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

C 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

312 

0 

376 

1 

444 

2 

510 

3 

576 

4 

642 

5 

708 

6 

774 

7 

840 

8 

906 

9 

4 

973 

0 

1054 

6 

1  136 

2 

1217 

8 

1299 

{, 

1381 

0 

1462 

6 

1544 

2 

1625 

8 

1707 

5 

1520 

0 

1588 

3 

1656 

6 

1724 

9 

1793 

2 

1861 

5 

1929 

8 

1998 

1 

2066 

4 

2134 

6 

2203 

0 

2282 

5 

2362 

0 

2441 

5 

2521 

0 

2600 

5 

2680 

0 

2759 

5 

2839 

0 

2918 

7 

2308 

0 

2381 

0 

2454 

0 

2527 

0 

2600 

0 

2673 

0 

2746 

0 

2819 

0 

2892 

0 

2965 

e 

3038 

0 

3112 

3 

3186 

6 

3260 

9 

3335 

2 

3409 

5 

3483 

8 

3558 

1 

3632 

4 

3706 

s 

2891 

0 

2954 

9 

3018 

8 

3082 

7 

3146 

6 

3210 

5 

3274 

4 

3338 

3 

3402 

2 

3466 

10 

3530 

0 

3599 

1 

3668 

2 

3737 

3 

3806 

4 

3875 

5 

3944 

6 

4013 

7 

4082 

8 

4151 

11 

3280 

.0 

3340 

3 

3400 

6 

3460 

9 

3521 

2 

3581 

5 

364  1 

8 

3702 

I 

3762 

4 

3822 

12 

3883 

.0 

3942 

6 

4002 

2 

4061 

e 

4121 

4 

4181 

0 

4240 

6 

4300 

2 

4359 

8 

4419 

13 

3609 

0 

3662 

7 

3716 

4 

3770 

1 

3823 

8 

3877 

5 

3931 

2 

3984 

9 

4038 

6 

4092 

14 

4146 

0 

4196 

2 

4250 

4 

430? 

6 

4354 

8 

4407 

0 

4459 

2 

451  1 

4 

4563 

6 

4615 

8 

15 

4668 

0 

THOUSANDS  OF  BCARD  FEET 


0 

0.000 

O.COO 

O.COC 

o.cco 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

O.COO 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

O.COO 

O.OOC 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

COCO 

o.occ 

0.000 

0.000 

0.000 

0.000 

0.000 

O.COO 

0.000 

0.000 

.  140 

.280 

.420 

.560 

.700 

.840 

.960 

1.120 

1.260 

1.400 

1.677 

1.954 

2.231 

2.508 

2.785 

3.062 

3.339 

3.616 

3.893 

4.170 

4.578 

4.986 

5.394 

5.802 

6.210 

6.618 

7.026 

7.434 

7.842 

7.270 

7.788 

8.306 

8.824 

9.342 

9.860 

10.37B 

10.696 

11.414 

1  1.932 

12.450 

12.740 

13.030 

13.320 

13.610 

13.900 

14. 190 

14.460 

14.770 

15.060 

12.210 

12.584 

12.958 

13.332 

13.706 

14.060 

14.454 

14.828 

15.202 

15.576 

15.950 

16.379 

16.808 

17.237 

17.666 

16.095 

18.524 

18.953 

19.382 

19.81 1 

16.130 

16.530 

16.930 

17.330 

17.730 

18.130 

18.530 

16.9  30 

19.330 

19.730 

20.130 

20.541 

20.952 

21.363 

21.774 

22.185 

22.596 

23.007 

23.416 

23.929 

19.900 

20.290 

20.680 

21.070 

21.460 

21.850 

22.240 

22.630 

23.020 

23.410 

23.800 

24.192 

24.584 

24.976 

25.368 

25.760 

26.152 

26.544 

26.936 

27.328 

27.720 

PAGE  TYPE  12 


FCR  SITE  INDEX  CL«SS- 


OISTPIBUTIGN  Of  AREO  AND  GRCKING  STOCK  GCALS 
70.,  PCTATlnN-  130.,  AND    35532.6  ACRES  OF  THIS  SITE  CLASS  AND  GROOP 
UORKING  GRCUP  -  PINE 


ACRES  IN 
CLASS 


HLNDREOS  OF 
CU.  FT. 


Bl 


■)0 


91-100 
101-1 10 
1  1  1-120 
121-130 
131-l'iO 


2733.3 
2733.3 
2733.3 
2733.3 
2733.3 
2733.3 
2733.3 
2733. 3 
2733. 3 
2733.  3 
2733.3 
2733.3 
2733.3 
0.0 


30339.*, 

0.0 

852.8 

18<.6'..7 

38126.5 

51813. "V 

70279.5 

74058.2 

9177<..0 

88625.2 

10<i300.6 

98716.5 

2<i872.9 

0.0 


16017.0 

0.0 

0.0 

0.0 

0.0 

7990.7 

17263.'. 

27658.1 

37530. 7 

38995.7 

-^8921. 6 

50101.0 

12737.  1 

0.0 


PAGE  TYPE  13 

GROWING  STOCK  GOALS  FOR  WORKING  CIRCLE 
WORKING  GRCUP  -  PINE 
BOGUS  NATIONAL  FOREST 


SITE  CLASS 


RCTATION 
AGE 


CU.  FT.  TC 
60.  FT.  LIMI T 


CU.  FT.  TO 
ROTATION  AGE 


M  BO.  FT.  ABOVE 
BC.  FT.  LICIT 


30459.6 
68066.', 
77017.', 
35532.6 
212'.80.4 


110. 
130. 


6',  4  76. 
122508. 
120470. 

57444. 
364898. 


255228. 

890443. 
1256453. 

692224. 
3094347. 


64029. 
284131, 
445646. 
257215. 
1051022. 


CUBIC  FEET  IN  HUNDREDS.  TOTAL  AREA  INCLUDES  ANY  LOW  SUE  ACRES  INCORRECTLY  CLASSED  AS  OPERABLE  TYPES. 


PAGE  lYPf  I  *. 

CnNVEOSlCN  CF  4RE1S  T  STA^DOBD  SCKE"; 
wnRKINO  C«CLP  -  PlNt 
BOGUS  NAIIr\nL  FfBESI 


SITE 

IKCEX 
CLASS 


TOTaL  YIELD 
.  PER  ACRE 
M  BD.  FT. 


ICKES 
IN  SI  IE 
CLASS 


BEDUCTlfK 
FaCTOB 


ARFfl     IN 

SraNIiAHl) 

ACRES 


euUlVALFNI  OF 
STANDARD  ACRE 
IN     SITE     ACRES 


6.5 
17.1 
J6.6 
31.5 


3C<i5S.6 

68066.". 
7701  7.4 
3553J.6 


. 49679 

1 .noooo 

1 .55523 
I.B4044 


151 31.1 
6B066.'. 
1  19779.8 
65395.8 


2.0129", 

l.CCOOO 

.6",299 

.51.335 


2121.80. ". 


2t837<. 


SITE 

INDEX 

CLASS 


TOTAL  YIELD 

PER  ACRE 

CU.  FT. 


ACRES 
IN  SITE 
CLASS 


REOUCT ICN 
FACTOR 


AREA  IN 

STANDARD 

ACRES 


EQUIVALENT  OF 
STANDARD  ACRE 
IN  SITE  ACRES 


22.2 
1.1.6 
57.5 
70.0 


30".59.6 
68066.". 
77017.1. 
35532.6 


.53329 
I.OCOOO 
1. 18308 
1.68229 


1621.3.7 
68066.1. 
106521. 3 
59776.  1 


1.67517 
I. 00000 
.7230,' 
.591.1.3 


250607.5 


PAGE  TYPE  10 


rIELDS  PER  ACRE  OF  MANAGED,  EVEN-AGED  STANDS  BASED  CN  PR EDE T EB« 1 NFO  STANDARDS  FOR 
SITE  INDEX   70.,   20. -YEAR  CUTTING  CYCLE,  DENSITY  LEVEL   90. 


WORKING  GRCUP  -  SPRUCE 


ENTIRE  STAND  BEFORE  AND  AFTER  THINNING 


PERIDDIC  CUT  AND  MORTALITY 


STAND 

BASAL 

AVERAGE 

AVERAGE 

TOTAL 

MERCHANT- 

SAHTIMBER 

BASAL 

AGE 

TREES 

AREA 

O.B.H. 

HE ICHT 

VOLUME 

ABLE  VOLUME 

VOLUME 

TREES 

AREA 

1  YEARS) 

NC. 

SO.  FT. 

IN. 

FT. 

CU.  FT. 

CU.  FT. 

M  BD.  FT. 

NO. 

SO.  FT 

30. 

1550 

1  10 

3.6 

28 

1526 

0. 

O.COO 

30. 

1.72 

50 

A.i. 

28 

7C1. 

0. 

O.COO 

1078 

60 

TOTAL    MERCHANT- 
VOLUME   ABLE  VOLUME 


SAWTIMBER 

VOLUME 
M  BO,  FT. 


HO. 
110. 


130. 
130. 


140. 
150. 


465 

1  10 

6 

6 

250 

79 

7 

6 

248 

100 

8 

6 

247 

122 

9 

5 

156 

90 

10 

3 

I5t 

109 

1  1 

3 

156 

127 

12 

2 

98 

90 

13 

0 

98 

1C6 

14 

1 

98 

122 

15 

1 

66 

90 

15 

8 

66 

103 

16 

9 

66 

117 

18 

0 

48 

90 

18 

5 

48 

102 

19 

7 

48 

113 

20 

e 

2235 
1598 


1492. 
1309. 


0.000 
0.000 


3265 

3031. 

5.760 

2428 

2284. 

5.760 

3190 

3013. 

10.330 

3982 

3772. 

14.750 

2845 

2702. 

1  1.260 

3534 

3366. 

14.970 

4238 

4045. 

18.600 

3129 

2991. 

14.240 

3715 

3558. 

17.450 

4348 

4172. 

20.900 

3345 

3211. 

16.210 

3895 

3746. 

19.  160 

4445 

4280. 

22.060 

P4GE  TYPE  II 

GROWING  STOCK  OF  fiNAGEO,  REGUl/STEO,  EUEN-4GE0  STANDS 

SITE  INDEX   70.,   20. -YEAR  CUTTING  CYCLE 

DENSITY  LEVEL-  100.  AND   90. 

WORKING  GRCtP  -  SPRUCE 

VOLUMES  PRESENT  PER  ACRE  AT  END  CF  EACH  YEAR 

►■ERCHANIABLE  CUOIC  FEET 
YEAR 


0 

0. 

.0 

0. 

.0 

0. 

.0 

0. 

.0 

0. 

.0 

0. 

.0 

0, 

.0 

0. 

.0 

0. 

,0 

0. 

.0 

1 

0. 

.0 

0. 

.0 

C. 

.0 

0. 

,0 

0. 

.0 

0. 

,0 

0, 

.0 

0, 

.0 

0. 

.0 

0. 

.0 

2 

0, 

.0 

0. 

.0 

C. 

.0 

0. 

,0 

0. 

.0 

0, 

.0 

0, 

.0 

0, 

.0 

0. 

.0 

0, 

.0 

3 

0, 

.0 

55. 

.2 

110. 

.4 

165. 

.6 

220. 

.8 

276, 

.0 

331, 

.2 

386, 

.4 

441. 

.6 

496. 

.8 

^ 

552, 

.0 

646. 

.0 

7<,0. 

,c 

83'.. 

.0 

926. 

.0 

1022, 

.0 

1  116, 

.0 

1210, 

.0 

1304. 

.0 

1398, 

.0 

5 

1309, 

.0 

1391. 

.6 

1<.7<,. 

.2 

1556. 

.8 

1639. 

,1. 

1722, 

.0 

180'., 

.6 

1667, 

.2 

1969. 

,8 

2052, 

,4 

6 

2135, 

.0 

222'.. 

.6 

23I4. 

.2 

2<.03. 

.8 

2<.93. 

.ii 

2583. 

.0 

2672, 

.6 

2762, 

.2 

2851. 

.8 

2941, 

.4 

7 

226',. 

.0 

2356. 

,9 

2<.29. 

.8 

2502. 

2575. 

.6 

26<.8. 

.5 

2721. 

,'. 

2794, 

.3 

2867. 

.2 

2940, 

.  1 

R 

3013, 

.0 

3088. 

.9 

316<.. 

.8 

32<.0, 

3316. 

.6 

3392. 

.5 

3'.6e. 

,1, 

35'.'., 

,3 

3620. 

.2 

3696. 

,  1 

9 

2702, 

.0 

2768. 

,t. 

2ei<.. 

,8 

2901. 

2967, 

,6 

303'.. 

.0 

3100, 

,t. 

3166. 

.8 

3233. 

.2 

3299. 

.6 

0 

3366, 

.0 

3'.33. 

.9 

3501. 

,8 

3569. 

3637. 

.6 

3705. 

.5 

3773, 

.'. 

38'.1, 

.3 

3909. 

.2 

3977, 

.  I 

I 

2991, 

.0 

3047. 

.7 

310<i. 

.t, 

3161. 

3217. 

.8 

327<.. 

.5 

3331, 

.2 

3387, 

.9 

3444. 

.6 

3501. 

.3 

2 

3558, 

.0 

3619. 

.4 

3680. 

,8 

37'.2. 

3803. 

.6 

3665, 

.0 

3926, 

,'. 

3987, 

.6 

4049. 

.2 

4110, 

.6 

3 

3211, 

.0 

326<.. 

.5 

3318. 

.0 

3371. 

3<.25. 

.0 

3'.78. 

.5 

3532, 

.0 

3585, 

.5 

3639. 

.0 

3692, 

.5 

^ 

37^6, 

.0 

3799. 

.'4 

3852. 

.8 

3906. 

.2 

3959. 

.6 

<.013. 

,0 

'.066. 

,'. 

4119. 

.8 

4173, 

,2 

4226, 

.6 

5 

<.280, 

.0 

THOUSANDS  OF  BCARO  FEET 


0. 

.000 

0. 

.000 

0, 

,000 

0, 

.000 

0. 

,000 

0, 

,000 

0, 

.000 

0. 

.000 

0. 

.000 

0, 

.000 

0, 

.oco 

c. 

.COO 

0. 

,000 

0, 

.000 

0. 

,000 

0, 

,000 

0, 

.000 

0, 

.000 

0, 

.000 

0, 

.coo 

0. 

,000 

c. 

.000 

0. 

,000 

0, 

.000 

0. 

,000 

0, 

.000 

0, 

.000 

0. 

.000 

0. 

.000 

0, 

.000 

0. 

.OCC 

0, 

.COO 

0. 

,C00 

0, 

.000 

0. 

.000 

0, 

.000 

0, 

.000 

0. 

.000 

0. 

.COO 

0. 

.000 

0. 

.000 

0, 

.CCO 

0. 

,000 

0, 

.000 

0. 

.000 

0. 

.000 

0, 

.000 

0. 

.000 

0, 

.000 

0. 

.000 

0. 

.000 

,215 

,430 

.645 

,860 

1, 

.075 

I, 

.290 

1. 

.505 

I. 

.720 

1. 

.935 

2. 

.150 

?. 

,511 

2. 

,872 

3, 

.233 

3. 

,594 

3. 

.955 

4, 

.316 

4. 

.677 

5. 

.038 

5. 

.399 

5. 

,760 

6. 

,217 

6. 

,674 

7, 

.131 

7. 

,588 

8, 

.045 

8. 

.502 

8. 

.959 

9, 

.416 

9. 

.873 

10. 

,330 

10. 

,772 

11. 

.214 

ll. 

.656 

12. 

,098 

12, 

.540 

12. 

.982 

13. 

.424 

13. 

.866 

14. 

.308 

U. 

,260 

I  I. 

,631 

12. 

,002 

12, 

.373 

12. 

.  744 

H. 

.115 

13, 

.486 

13. 

.857 

14. 

,228 

14. 

,599 

14. 

,970 

15. 

,353 

15. 

,  736 

16. 

.  1  19 

16. 

,502 

16, 

.885 

17, 

.268 

17, 

.651 

16, 

,034 

18. 

,417 

14. 

,240 

14, 

,561 

14. 

,882 

15. 

.203 

15. 

.524 

15, 

,845 

16. 

.  166 

16. 

,487 

16. 

,808 

17. 

,129 

17. 

,450 

17. 

,795 

18. 

,140 

18, 

.485 

18. 

,830 

19, 

.175 

19. 

.520 

19. 

,865 

20. 

,210 

20, 

,555 

16. 

,210 

16. 

,505 

16. 

.800 

17. 

.095 

17. 

.390 

17, 

.685 

17, 

.980 

18, 

.275 

18, 

.570 

18, 

,865 

19. 

,  160 

19. 

,450 

19. 

.740 

20. 

,030 

20. 

,320 

20. 

.610 

20. 

.900 

21. 

.  190 

21. 

.480 

21. 

,770 

22. 

,060 

PAGE  TYPE  12 


FOR  SITE  INDEX  CLASS- 


DISTRIBUTION  OF  AREA  ANO  GROWING  STOCK  GOALS 
70..  ROTATION-  110.,  AND     10264.5  ACRES  OF  THIS  SITE  CLASS  AND  GROUP 
WORKING  GRCLP  -  SPRUCE 


ACRES  IN 
CLASS 


HUNDREDS  OF 
CU.  FT. 


1-  10 
11-  20 
21-  30 
31-  40 
41-  50 
51-  60 
61-  70 
71-  80 
81-  90 
91-100 
lOl-llO 
111-120 


qjs.o 

935. 0 
935.0 
935.0 
935.0 
935.0 
935.0 
935.0 
935.0 
935.0 
935.0 
0.0 
0.0 


0.0 

0.0 

0.0 

2838.5 

9823.5 

16486.0 

23670.2 

25103.0 

31072.6 

28676.8 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

683.4 

3866.5 

7735.3 

11604.6 

12435.3 

0.0 

0.0 


AGE  CLASS  ZERO  REPRESENTS  CLEARCUT  ACRES  NOT  YET  REFCRESTED  BECAUSE  OF  DELAY  OF   10. 
EXPECTED  AFTER  SCHECULED  REGENERATION  CUTTING. 


PAr.f  TYPE  n 

CROhlMG  SIOCK  GIULS  FCR  KCRKlhG  CIRCLF 
hOkKINf.  ORCLP  -  SPRUCE 
BOGUS  NUTIOMIL  FTREST 


SITE  CLiSS 


ROTATION 
4GE 


C  U .  FT.  T  f 
no.  FT.  LICIT 


CU.  FT.  TO 

ROTHTION  AGE 


I*     eO.  FT.  AIUIVE 
no.  FT .  L If  I T 


242S.3 
5205.6 
1028<,.5 
1B128.<) 


I  10. 
I  10. 


7269. 

1170(1. 
21627. 
'.2602. 


CUHIC  FEEI  IN  HUNURFOS.  TOTAL  AREA  INCLUOES  ANY  LOW  SITE  ACRES  INCI 


1 IBfll. 

550  I'.. 
U7H7I. 
20<.765. 

"^CTLY  CLASSED  AS  OPERABLE  TYPES. 


642. 

I  I'i68. 
36325. 
<.8<.35. 


PACE  TYPE  l<. 

CONVERSION  OF  AREAS  IC  STANDARD  ACRES 

WORKING  GRCfP  -  SPRUCE 

BOGUS  NATIONAL  FOREST 


SITE 

INDEX 

CLASS 


TOTAL  YIELD 
PER  ACRE 
M  BO.  FT. 


ACRES 
IN  SITE 
CLASS 


REDUCTION 
FACTOR 


AREA  IN 

STANDARD 

ACRES 


EUUIVALENT  OF 
STANDARD  ACRE 
IN  SITE  ACRES 


5.1 
14.4 
22.3 


2<.2<5.3 

5205.6 

10264.5 


.35090 
l.OCOOO 
1.54577 


852.4 

5205.5 
15897.4 


2.64980 

I.COOOO 

.64693 


18128.9 


21955.5 


SITE 

INDEX 

CLASS 


TOTAL  YIELD 

PER  ACHE 

CU.  FT. 


ACRES 
IN  SITE 
CLASS 


REDUCTION 
FACTOR 


AREA  IN 

STANDARD 

ACRES 


EQUIVALENT  OF 
STANDARD  ACRE 
IN  SITE  ACRES 


50. 


60. 


70. 
TCTALS 


23.4 
45.3 
56.6 


2429.3 

52C5.6 

102E4.5 

18l2e.9 


.51566 
l.OCOOO 
1.29290 


1252.7 
5205.6 

13296.8 

19755.1 


1.93926 

l.OCOOO 
.77346 


APPENDIX  3 
Alternative  Outputs 

Source  programs  for  MAPS  and  AREA)  ore  listed  desired,  and  a  single  type  5  page  per  comportment 

below.      Each   program    is  followed    by    the   type  5  if  map  output  is  suppressed.    Type  6  pages  produced 

pages  produced.      Subroutine   MAPS   produces  two  by   MAPS   and    AREA]    are  not  reproduced  because 

type    5   pages   for   each   compartment    if   maps   are  they   do  not  differ  in  format  from  the  page  type  6 

of  AREA2  in  Appendix  2. 


SUBROUTINE  MAPS 
C 

C  TO  COMPUTE  4RE4S  FROM  TYPE  AND  SUBCON*PARTME  NT  MAPS. 
C 

COMMON  ARFAG(3,15),ACDAR(S),ACSI("i,5,10l,ACSP(3,5),ALLCF(3,10) , AMC 
1AG(3,15),ANCUT(3,10),A«BK(5),ARFA(3,10),BARSI(5,10),BFAGE(3,15),BF 
2TH( 5, 12) ,RFMRCH,CFAGE( 3,15),CFBF(3,10),CMTH(5,12) ,CnMBF(3l .COMCU.C 
3UTA(5,12),CUTB(5,12),CYCL,nATEl3),DLEV(3),FINL(3),FORET(3l,GPBD(3, 
45,l5),GRMC(3,5,l!5).GRnWB(3),GROWC(3),GVLBF(3),GVLCU(3),MIN,NRK,NCM 
5P,NSBK( 5) ,NSI (3)  ,NSUB,OPEN( 5,12)  .PHORt  3),PRET,RAGE(3,10),RINT,ROTA 
6,SARETY(5,20),SARSP(3),SBARB,SBARE,SBARG,SBF13),SHELT(3),SHWO(3),S 
7LAN0,SLVG(5,12),SMC(3  1,SMSP(3),STYP(20) ,SUBBF (3,10),SUBCF(3,10),SU 
RMCF13),THIN(3),TMBR,TMPG,TYPNM(20),DELAY(3),ACFNL(3,5,15),ACRGN(3, 
95,15),TIME,PDCFR(5,12),PDCFN(5,12)  ,OPCU(  3 ) , FNCU ( 3 )  , CUI Nil  3 ) , ACI NT ( 
1 3),F\JBDl 3) ,BFINT( 3) ,nPBD( 3) ,TeM,MNK,KN0,FCTR(2) ,PR0D(2) ,KAK,VDM(2) 
2,ADJI3),ALnwC(3),ALWBF(3),BOMAM3),CUMAI(3),PAIBD(3),PAlCU(3),OBHn 
3,DENQ,REST,DBHT,DAST,NWGP,HELP(5,12),BA(2) 
C 

DIMENSION  KSUB(36,36),KTYP(36,36),ARESCI30),ARETY(20),r.VR(20),SUBT 
IY( 30) ,UN1T( 30) ,GRUP( 3) 
READ  (5,1)  MAP, SCALE 
1  FORMAT  (  14, FS.'.) 
C 

C  REPEAT  LOOP  FOR  EACH  COMPARTMENT. 
C 

DO  200  K0L=1,NCMP 
C 

C  INITIALIZE  VARIABLES  APPLICABLE  TO  A  COMPARTMENT. 
C 

DO  4  1=1, 30 
ARESCI I )  =  0.0 
SUBTY( I )  =  0.0 

4  UNIT! I )  =  0.0 
DO  5  1=1,3 

5  &RUP( I)  =0.0 
DO  6  1=1, 36 
DO  6  J=l, 36 
KSUB( I , J )  =  0 

6  KTYPI I , J )  =  0 
DO  7  1=1,20 
ARETYI I )  =  0.0 
CVR( I )  =  0.0 

7  CONTINUE 
ARECP  =  0.0 
BARE  =  0.0 
SARSC  =  0.0 

C 

C  READ  DATA  FOR  A  COMPARTMENT. 

C  LOGICAL  UNIT  3  HOLDS  THE  TAPE  WITH  MAPS  IF  TAPE  IS  USED. 

C 

READ  13,11)  KBK,KOMP,NROW 
1  I  FORMAT  1  31  A) 

READ  (3,12)  (  (KTYP(  I , J)  ,  J  =  l ,36)  , I  =  1,NR0W) 


-  44 


1/     fllK^al      I  i(.|?l 

Br ^n   13,1/1    1 (ks 


jTh 


TYPE 


I  1 ■ J  I , J= 1 ,ihl , 1 =L,MHnw> 

flNO     TnlAL     AREA. 


C:n    I')    J.l  ,  16 

If  (MYP(  1 ,  ji    .LE .   01    r.ii   in    i» 

"NK  »  KTVP( I , Jl 
CVKIM'IK)   =  tVKIM.NjKl   •   1.0 
U  LHHTINUf 

1)0    2  I      1  =  1  ,/0 

ARETYl  I  1     =    LVO  I  1    •    SCALE 

SAI'HYIKBK  ,  1  I     =     SADt  TYIMIK  ,  11     t     A^ETYllI 

A.<'-CP     =     A.<ECP     >     ■^•K^  TYI  I  1 
!l     CnNT  INIJF 
C 
C     CriMPUTt      AREA    IjF     EACH    WCIRKl'JG    l.RtluP     ANP    OEFrPrSTFP     ABEA. 

on   22    Isl.s 

OrtUPI  1  I     -    f,HUP(  1  I     ♦     AKF  TYI  n 
(,HIII>U)     =     r.RUPl^l     ♦     AHFTYII*';! 
2^    CONTINUE 

BARE     =     ARlTYIIll     ♦     ARETYIWI 
ACBARIKOKI     =     ACHAPIKBKI     ♦     BARE 
ACSPll.KBKl     =     ACSPIUKHKl     »     GRUP  (  I  I 
ACiP12,KRKl     =     ACSPll.KBKl     •     CRUP ( 2  I 
ARBKIKBKI      =     ARHKIKBKI      «     AKECP 


C     ClfPDIF     SUBCn^'PA 


IT     AREAS     AND     TYPES. 


on    ?5     I  =  1,:JW0P 

IFIGRUPI  I  I  .OT.  0.01  GO  Tn  10 
/'j    CONTINUE 

IFI3ARC  .ol.  O.Ol  GO  Tn  10 

MNK  =  0 

1,0  10  38 
30  on  32  I=l,NROw 

on  3  1  J=l,36 

IFIKSUPd.Jl     .LE.     01     CO     TO     31 

NOS     =    KSUei  I .J  I 

UMITINOSI  =  UNITIrJOSI  t  1.0 

IFI  SUBTY(Nt;SI  .NF..  0.01  Ijf)     10  31 

SUBTYINOSI  '     KTYPI  1,  J  1 

11  CONTINUE 

12  CONTINUE 

un  33  1=1. iO 

ARI  SCI  11  =  UNI Tl  1  I  •  SCALE 
SARSC  =  SARSC  •  ARESCl  1  I 
33  CONTINUE 

COUNT  NUMBER  OF  SUBCOMPAR 1 M6NI S  IN  A  PLCCK 
COMPUTE  INDEX  FOR  PRINTING  SUPC DMPAR T MENI 


linLO 


11     in-ful      I  IHI  ,/,<,/»,  1  IMlMt, I      TVI'l     fjl 

HMII       16, HOI      I  I  IIRI    1  I   I   I  ,  I  -   I  ,   11  .KnMP.KI'K 
MO     MIRVAT     IIM     ,  hx  ,  1AM,  I 'J/ ,  /  n<l  YIN      "^  A  P     (JF     C  U  M  P  A IM 'N  rj  T     f^li..I^,2'> 
n.K    Nil.  ,1/,/) 

1)11    "2    I  =  l,Ni.nK 

h'R  I  II      16, HI  1     IKI  YPI  I  ,  J  1  ,   I  -  I  ,  161 
MI      FnR^•AI      I   U,     ,2HI,   M.'i  2  I 
»2     CI  NT INUE 

rtRI  Tl     16,  (M) 

HI   mi'MAi    I  in,,.  11 X,  iDHrnvi  ^    i  yi>i  ,•)«  .',i'Ar  re  s  .'.x ,  I  "' . /x ,  i  nnf  i  uru    fYPf.v 

I  X  ,'jHA(,RES,  /  I 
DO  H'>  1  =  1,10 
J     =      I      •      10 

U'llE       I6,M<.1       I  ,  IYPN>1I    I   I  .A'll    lYl   I    1  ,  J.  lYPNMI    11   ,A»!    TYI    11 
M'.      FnPVAT      IIH      ,  .'MX.   I/,  /X.AlU.'.X.F     ..  1  ,<.X,  IM«,'.«  ,  I    ',y  «,  Alti.'.X  ,F    ).  1  1 
B^    CONTINUF 

WITt     16. M', I     AREI.P 
B6     FOOHAT     I  IHO,  ffix,  loHIUTAL     AR  I  A  . /■  X  .  I  v.  |  | 

riRllE      I6.B71      ORIIPI  I  I  .BARE  .r.RUPI/l 
11/     IfRfAl     UN     ,  l'jX,//HA(,Rr  S     IN     WIH'KIN',    '.RilUl'/ln     ,/IX,l/HP|NE     M<OUP     -, 

II  >.  1  ,,'UX,  MHOLEMRFSTl  D     ALT',     -.FI.l/lH     , .' 1  X  ,  1 1.0  SPR  nCE     ORGUP     -,F/.I 


21 


PRINT  SUnCOE*PAR  IME  NT  '--APS  Agi)  RELAUl 


MA. 


IE  IKNK  .IN.  O)  f,P  III  2O0 

WR  I  TE  16,  Ml 

WHITE  I6,H,1|   (  EORE  II  I  I  .  I  =1  .  II  .Kni'P.KBK 
HM  FORMAT  I  IH  .  ?x.  1AH.  l^x  ,  l/MSUCCOMPAF'TVEM  MAP  OF  COMPARIMINI  NO.,IA 
1  ,/OX,')HRLnCK  Nn.,I2,xl 

UN  m     I=1,NR0W 

WRITE     I  6.al  1     IKSiJi   I  I  .  J  I  .  J  =  1  .  16  I 
B  I     CONT INUE 

WRITi.     16,401 
NO     FORMAT     I  IHO,  ILX.BHSilBCni'P.  ,6X  ,  lOhCC  VI  R     I  Y  I'E  ,  I  0  X  . -jH  AC  R  I '. , ".  «  ,  I  h«  ,  i,  •  , 
I  MHSUBCnnP.  ,6X.  lOHCIIvrP     IYRE  .  lOX.'iHACRFS./l 

on   i<,    i  =  i,:'NK 

J     =     I     ♦     MNK 

MOL     =     SUBTYl  I  I 

JA--1     =     SOBTYIJl 

lEIMOL     .En.     01     GO     TO    9''. 

IFI  JAM     .El..     0  1     GO     TO     '^2 

WRITE     16.411      I  .  SUBIYI  I  I  .  TYi'NMIMOL  I  .ARESC  I  I  I  .J.SIUIIYI  II  ,1  YPNMI  JAMI  , 

lARi:sciji 

41  FnRHAT     IIH     ,  I4X,  I2,6«  ,r  5.4,<'X,A|u.'.X.F4.  I  ,■,»,  IMS,  7<,  I2,6X,(   l.b,2X, 
1  A  1  0  ,  ".  X  .  F  4  .  I  I 

GO     M     44 

42  WRITE     16.411      I .SnniYI  I  I .  I YPNMIMPL I  .ARESC  I  I  I 

41     FIIR^'AT     IIH     .  I4X.  I?.6X.r  1.0.2X  ,A10,'.».F4.  I  ,",X,  |ii«l 

•)i,    CONTINUF 

4i    WRITE     16,461     SARSC 

46     FORMAT     I  I  HO. R/ X ,  1  OH  10  I AL     AR F A , 2 X , F 4 .  1  I 

WRITr     l6,iM     i",RnP  I  I  I  .  B  ARE  ,  OR  UP  I  2  I 

ijO     TiJ     200 


DO     3S     1=1,10 

MNK     =     I 

IFIARFSCIII     .El.     0.01     GO     TO     36 
16    CONTINUE 
36    NSBKIKBKI     =    NSBMKBKI     ♦     MNK     -     1 

1F1ARESCI30I      .GT.     0.01     NSBKIKBKI     =    NSP, 

TEH  =  MNK 

MNK  =  TEM  t  0.5 


t  POINT  PAGE  TYPE  t> 


FAS  ONLY  IF  YAPS  ",'0T  UESIK 


PRINT  TYPE  AND  SUBCO"P AR TMFN T  MAPS. 
1»  IFIMAP  .EO.  01  GO  TO  100 


IF  DESIRED. 


GO-IVERI  MAP  COOES  Tn  DISPLAY  CnOE  AND  RIGHT  .lOSTIFY.  OCTAL  CODE  V.ILL 
VARY  WITH  MObEL  OF  COMPUTER. 

DO  <,<,  1  =  1,16 

□  0  <,<,  J  =  l,  16 

IFIKTYPl  I, J  I  .LT.  11  GO  TO  4  1 

IFIKFYPI  I , J  1  .IF.  41  GO  To  42 


4  0 


1 


KTYPI  I  , J  1  =  K  TYPI  I  ,  Jl  -  10 

IFIKTYPl  I,  Jl  .GT.  41  GO  TO  40 

GO  TO  43 
41  KTYPI  I, J)  =  SSS5B 

GO  TO  44 
'•2     KTYPII.JI   =  KTYPII.JI   •  2107 

GO  TO  44 
'1  KTYPI  1  ,JI  =  KTYPII.JI  >  27 

KTYPI  I  .J  I  =  KTYPI  I , J  I  t     IN  •  6 

44  CONTINUE 

00  44  1=1,36 

DO  44  J=l, 36 

IFIKSUBI I , Jl   .LT.  II  GO  10  46 

IFIKSUBI 1 , Jl   .LE.  41  Gl   TO  47 

N  =  0 

45  N  =  ,N  •  I 

KSUBI I , Jl  =  KSUBI I , Jl  -  10 
IFIKSUBII.JI   .GT.  41  GO  TO  4S 
GO  TO  4B 

46  KSUBI I . Jl  =  555SP 
GO  TO  49 

47  KSueil.Jl  =  KSURII.JI  ♦  2407 
GO  TO  49 

48  KSIIBII,J1  =  KSUOII.Jl  •  27 
KSUBI  I, J  1  =  K SUB  I  I. J  1  •  IN  •  6 

4  <  CONTINUE 


172RI 


PRINT  PAGE  TYPE  6  -  TYPE  AND  SUBCOMP AB TME NT  MAPS  AND  AREAS. 
PRINT  TYPE  MAP  AND  TYPE  AREAS. 
WRITE  16.741 


,14,24 


100  WRITE     16,74  1 
WRITE     16,1011     I  FIJ-iFTI  1  1  ,  I  =  1  ,  II  .KnVP.KPK 

101  FriRMAT     I  IH0,6X,  1AR,  lHX,24Hr  YPE     A,/fAS     OF     CI"RARTMFNT 
ICnCK     NO. ,121 

WRITE     I  6,  fill 

no    111?    1=1,10 

J    =    I     ♦     10 

WRITE     I6,B4I      I  ,  TYPNHI  I  I  ,ARF  TYI  I  I  .  J.TYPNMI   II  ,AR|,  TYI  Jl 

102  CONTINUE 

WRITt     I6,B6I     ARECP 
IFI  MNK     .E'J.     0  1     Gn     TO     200 

WRITc     16,1011     IFIIRFTI  I  I  ,  I  =1  .11  .KOMP.KBK 
1111     FnRMAT     I  IHO, //,  7X  ,  3AB,  16X,  14HSLlPt  n,wpaR  IMf  *TS     OT     (.  1'MP  AR  I  MINI     NT,..  14 
1.21x.4HBLnCK    NO.. 121 
WRITL     16.40  1 
DO     106     1=1. MNK 


1 


MN 


:tl)L     =     SIIUTYI  I  I 
JAM     =     SUhTYIJI 
IFIMOL     .t.i.     01     on     TO     107 
IFIJA"     .EO.     01     Gn     TO     104 

WR  I  TL     16.4  11      I  .  SlJBTY  I  I  I  ,  T  YPrjMI  Mni  1  .ARE  Sr  I  1  I  .  J.  sum  Yl   1 1  ,  T  YPNM  I  J  AM  I 
I ARESCI J  I 

Gil   In    106 

104     WRITE     16.431  I . SUP T Y I  I  I  , T YRNM I MHL 1  ,  AR F SC  I  I  I 

106    CONTINUE 

10  7    WRITE     16,46  1  SARSC 

WRITE      16, '171  GRUPI  1  1  .KARE,GRnPI2  I 

WIO  N     STAID     AREAS     ART     KNDwrj     AND     I'JV'NTn^Y     DAIA     R  Fl  IP     Tf)     Tni      STAND, 
VALUE  1    OF     ARLSCIII,     KPK,     AND    KOMP     MAY     IiF     FXIRACIin     Al     IHIS     POINT     1  IIR 
MACHINE     AODITIIIN    ni      ARESi.lll     10     APPBOPBIAIC     INVINHRY     RfClROS. 

200    CilJIINUF 

GET     WORKING    CIRCLE     InlALS     FRllM     PLDCK     TlTALS. 

DO  2iO  l=l,NflK 

UO  2  SO  J=1,2U 
260  STYPIJI  =  STYPIJI  •     SAREIYII.JI 

00  251  I=1,NBK 

S3ARI1     =     SBAKB     •     SAREIYII.lIl 

SBARG     =     SPARC,     .     SARFTYII.121 

SL6ND     =     SLAND     ♦     ARBKI  I  I 

NSUIl     =     NSUB     •     NSBK  I  I  I 

110    2S1     J-I.NWGP 
2SI     SHSPIJI     =     SMSPIJl     •     ACSPIJ.II 

SHARE     =     SBARB     ♦     SBARt. 

PRINT     PAuF      TYPI      6     -     SUMMARY     NF      MLOCK     A'iD 
wi'ITi-     16.2441 


<ING    C  IRClt     AREAS 


299  F0RH4T  (  IH  1 ,////, 59X ,  I 1HP4GE  TYPt  61 
HRIIE  (6,3001 

300  FHRMAI  I  IHO,  «<.< ,  iOHTOTAL  AREAS  OF  DLOCKS  AND  HORKINC,  CIRCLE] 
WRITE  (6,3011  (FORETI  I  1 ,  1=1,31 

301  FORMAT  (IH  ,S3K,3a8l 
WRITE  (6,3021 

302  FORMAT  (  IHO,  /  /  ,  5X  ,  5HBL0CK  ,  lOX  ,  SHTOTAL  ,8X  ,  6HNUHfteR  ,  8X  ,  <•  1  H PLA 

INTABLE  ACRES  FOREST  SOIL , 16X , 23HF0RE ST  AND  REGENER A  I  1  Mb  I 

WRITE  (6,3031 

303  FORMAT  (  IH  , 5X , 3HN0. i 1  I «, 5HACRF S , 7X,8HSUBC0MPT , 7 X , 6HRRUSMV , 1 2X , 6H& 
lRASSy,12X,5HT0TAL, 16X , *HP I NE , 1 3X , 6HSPRUCE , / / I 

DO  305  1=1, NBK 

WRITE  (6,30<,1  I,ARflK(l),NSBK(ll,SARETl'll,in,SARETY(I,121,ACR«K(Il. 
lACSPI  1,11  ,ACSP(2, I  1 


30<.  FORMAT  (  IHU,5X,I2,HX,F10.1,7X,I5,6X,FI0.1,8X,F10.1,7X,F10.1,11X,F1 
1  0  .  1  ,  6  X  ,  F  1  0  .  1  I 

305  CONTINUE 

WRITE  16,3061  SLAND,NSUB,SBARB,SOARG,SBARE,SMSP( 1 1 ,SMSP(2I 

306  FORMAT  (  1H(1,//,5X,5HT0TAL,6X,F10.1,7X,I5,6X,F10.1,8X,F10.1,7X,F10. 
1  1, 1  IX.FIO.  1,8X,F 10. 1 1 

WRITE     16,3071 
}U7     FIIRHAT     I  IHO, ///,  55X,21H0ESIGNATI0NS    OF     TYPES! 

OO    309     1=1,10 

J     =     I     ♦     10 

WRITE  (6,3081   I  ,TyPNM(  I  I  ,  J,  TVPNMIJI 
iOn  FORMAT  (  lH0,'i3X,  I2,<,X,A10,6X,IH»,6X,  I2,<.X,A10I 
30-(  CONTINUE 

RETURN 

FND 


BOGUS  NATIONAL  FOREST 


PAGE  TYPE  5 
TYPE  MAP  OF  COMPARTMENT  NO. 


BLOCK     NO.     3 


5    5    5    5    5    5    5 
5555555555555 


35555555555 
35555555553 
35555555533 


3     3171717     3     3 

5    5    5    3    3171717    3    3 

3    3    5    5    5    51717171616 

535555553333 

555555333'.'.3 


31616171717 
3    3    <.    31717 


355555555555555555553333333<>'.33    317 
35555555555555555553333333 


555555<.<.4 
55555533<i 


5555333353 
5    5    5    5    3  5 


5555555553<,<.55 
55555555  <. 


COVER  TYPE 

ACRES     » 

COVER  Type 

ACRES 

PIN  0-30 

0.0 

>         11 

OEFOREST-B 

0.0 

PIN  31-50 

0.0 

>     12 

OEFOREST-G 

0.0 

PIN  51-100 

280.0 

13 

RECREATION 

0.0 

PIN  101-40 

62.2 

14 

BARREN 

0.0 

PIN  1<,1» 

742.2 

I     15 

BRUSHLANO 

0.0 

SPR  0-30 

0.0 

>     16 

RANGE-HERB 

17.8 

SPR  31-50 

0.0 

1  7 

PRIVATE 

66.7 

SPR  51 

0.0 

>     18 

0.0 

SPR  101-40 

0.0 

19 

0.0 

SPR  141* 

0.0 

20 

0.0 

ACRES     IN    WORKING    GROUP 

PINE     GROUP     -  1084 

SPRUCE    GROUP    -  0 


TOTAL     AREA 
OEFORESTEO    ACRES     - 


1168.9 
0.0 


BOGUS  NATIONAL  FOREST 


PAGE  TYPE  5 
SUflCOMPARTMENT  MAP  OF  COMPARTMENT  NO. 


1  1 

2  2  2  1111 

5  5  5  5  2  2  2  1111 

5  5  5  5  2  2  2  2  111 

5552222291  1 

5552222991  I 

5  5  5  2  2  2  21414  1  1 

5  51414  214141414  I  1 

5  51414141414141415151515 

141414141414141417171515 

141414141414141414171515 

1414141414141414      15 


6  6  6  3  3  4 
8  6  6  6  6 
6  6  6  6  6  61010  4 
6  6  6  610101011  I  I 
6  6  6  610101010  4 
6  6  6101010101010 
6  6101010101610 
6  610      16 


4  41213 
41212131313 


14 


14 


SUBCOHP. 

COVER 

TYPE 

ACRES     •     SUBCOMP. 

COVER 

TYPE 

ACRES 

1 

5. 

PIN 

141* 

151.1 

10 

3. 

PIN 

51-100 

93.3 

2 

5. 

PIN 

141* 

106.7 

>         11 

4. 

PIN 

101-40 

8.9 

3 

3. 

PIN 

51-100 

17.8 

12 

4. 

PIN 

101-40 

13.3 

4 

3. 

PIN 

51-100 

86.9 

13 

3. 

PIN 

51-100 

17.8 

5 

5. 

PIN 

141« 

111.1 

14 

5. 

PIN 

141» 

186.7 

6 

5. 

PIN 

141* 

177.8 

15 

4. 

PIN 

101-40 

40.0 

7 

3. 

PIN 

51-100 

22.2 

16 

5. 

PIN 

141* 

e.9 

8 

3. 

PIN 

51-100 

13.3 

17 

3. 

PIN 

51-100 

13.3 

9 

3. 

PIN 

51-100 

13.3 

TOTAL  AREA 

1084.4 

ACRES  IN  WORKING 

GROUP 

PINE 

GROUP 

- 

1084.4 

DEFORESTED 

ACRES 

- 

0.0 

SPRUCE  GROUP  - 

0.0 

Pace   TYP[  5 


uncus  NariONOL  F0"E5T 


TYPE  UREAS  OF  CnHPAPIMENT  NO.  206 


BLOCK  NO.  3 


COVER  TYPE 

ACRES     • 

COVER  TYPE 

PIN  0-30 

0.0 

1 1 

DEFOREST-e 

PIN  31-50 

0.0 

12 

OEFOREST-G 

PIN  51-100 

aao.o 

1  3 

RECREAT ION 

PIN  101-<.0 

62.2 

!<. 

BARREN 

PIN  HI* 

T<2.2 

15 

BRUSHLAND 

SPR  0-30 

0.0 

>     16 

RANGE-HERB 

SPR  31-50 

0.0 

17 

PRl VATf 

SPR  51 

0.0 

18 

SPR  101-<.0 

0.0 

ly 

SPR  HI* 

0.0     < 

20 

0.0 
0.0 
0.0 


TOTAL  AREA 


OOGUS  NATIONAL  FOREST 
SUBCOMP. 


SUeCOMPARTMENTS  OF  COMPARTMENT  NO.  206 


BLOCK  NO.  3 


VER 

TYPE 

ACRES 

• 

SUBCOMP. 

COVER 

TYPE 

ACRES 

PIN 

I'.l* 

151.1 

10 

3. 

PIN 

51-100 

<)3.3 

PIN 

1<.1» 

106.7 

1  1 

<.. 

PIN 

101-40 

B.l 

PIN 

51-100 

17.8 

12 

it. 

PI  N 

101-40 

13.3 

PIN 

51-100 

88,9 

1  3 

3. 

PIN 

51-100 

17.8 

PIN 

1<.1* 

111.1 

I'i 

5. 

PIN 

liU 

186.7 

PIN 

141* 

177.8 

15 

4. 

PIN 

101-40 

40.0 

PIN 

51-100 

22.2 

16 

5. 

PI  N 

14U 

8.9 

PIN 

51-100 

13.3 

17 

3. 

PIN 

51-100 

13.  3 

PIN 

51-100 

13.3 

ACRES  IN  WORKING  GROUP 

PINE  GROUP  -     1084.4 
SPRUCE  GROUP  -     0.0 


TOTAL  AREA 
DEFORESTED  ACRES  -       0.0 


SUBROUTINE  AREAl 


TO  COMPUTE  AREAS  FOR 
EACH  COMPARTMENT. 


inRKING  CIRCLE  FROM  TOTAL  AREA  OF  EACH  TYPE  IN 


COMM 
lAOl  3 
2THI  5 
3UTA1 
45,  15 
5P.NS 
6.SAR 
7LAND 
8MCFI 
95,15 
13), Fi 
2,ADJ 
3,0ENi 


151 
12) 
5,  12 
),GR 
BKI5 
ETYl 
SLV 
3),T 
l,TI 
NBOI 
I  3)  , 
0,RE 


AGl  3 
NCUT 
FMRC 
CUTB 
I  3,5 
NSII 
20)  ■ 
5,  12 
Nl  3) 
■  POC 
,BFI 
OMCI 
,OBH 


1,ACB 
101  ,A 
FAGE  I 
121,C 
1  ,GRO 
NSUfl, 
SPI  3) 
HC(  31 
RR,  TM 
5,121 
31, OP: 
ALUBF 
AST,N 


ARI  51 
RBK  15 
3,  15) 
YCL,D 
WBI  31 

npENI 

,SBAR 
,SHSP 
PO,TY 
POCF 
801  3) 
131,8 
HGP,H 


ACSII3,5,10),ACSPI3,5I.ALLCFI3,10),AMC 
,AREAI3,lO),BaRSII5,10),6FAGEI3,15l,BF 
,CFBFI5,10),CMTHI5,12  1,COMBFI31,COMCU,C 
|TEI3I,DLEVI3),F1NLI31,F0REII3),GRB0I3, 
-GROHCI 3) ,GVLBF13) iGVLCUl 3) ,MIN,NBK,NCH 
>, 12)  ,P0ORI3)  ,PRET,RAGE I  3, 10 ),R INT, ROTA 
1,SBARE,SBARG,SBF(3),SHELTI3),SHMDI3),S 
3),STYPI20),SUBBFI3,10),SUBCFI3,10),SU 
'NM120I ,DELAYI 3) ,ACFNLI3,5, 15) ,ACR&NI 3, 
115,121 ,OPCUI 3),FNCUI3),CUINT13),ACINTI 
,TE M,MNK,K NO, FCTRI2I,PR 0012 1,KAK,V DM12] 
)MA1 131 ,CUHAI I3),PAIB0I3),PA1CU(3I,DBH0 
;LPI5, 121 ,BAI2) 


DIMENSION     ARETY1201 ,GRUPI 3) 

KOUNT     »     0 

DO  29  K0L=1,NCHP 
C 
C  INITIALIZE  VARIABLES  APPLICABLE  10  A  COMPARTMENT. 

c 

ARECP  =  0.0 

BARE  =  0.0 

on  I  1  =  1,3 

1  GRUPI I )  =  0.0 

c 

C  READ  AREA  OF  EACH  TYPE,  ONE  COMPARTMENT  AT  A  TIME. 
C 

READ  15,5)  KBK.KOMP 

5  FORMAT  (2141 

READ  15,61  (  ARETYI 1 ) , 1 =1,20) 

6  FORMAT  ( 10F8. I ) 
C 

C  SUM  AREAS  OF  TYPES  TG  GET  COMPARTMENT  AND  BLOCK  TOTALS. 
C 

DO  15  1=1,20 

SARETVIKBK, I  1  =  SARETYIK6K, I  )  •  ARETYll) 

ARECP  =  ARECP  ♦  ARETYI  I  ) 

15  CONTINUE 

DO  16  Ul,5 

J  =  I  ♦  5 

GRUPI I)  =  GRUPI 1)  •  ARETYll) 

GRUP12)  =  GRUPI2)  >  ARETYIJ) 

16  CONTINUE 

BARE  =  ARETYIUl  .  ARETYI12) 
ACBARIKBK)  =  ACBARIKBK)  »  BARE 
on  17  I>1,NWGP 

17  ACSPII,KBK)  =  ACSPII,KBK1  ♦  GRUPII) 
ARBKIKBK)  =  ARRKIKBKI  •  ARECP 


PRINT  PAGE  TYPE  5  -  AREAS  OF  TYPES  AND  WORKING  GROUPS  BY  COMPARTMENT. 
KOUNT  CONTROLS  PRINTER  TO  GET  3  COMPARTMENTS  PER  PAGE. 

KOUNT  =  KOUNT  »  1 
IFIKOUNT  -GT.  11  GO  TO  21 
WRITE  16,19) 

19  FORMAT  I  1H1,/,62X,  1  IHPAGE  TYPE  5) 
WRITE  16,20)   IFORETI I ) , 1=1, 3) ,KOMP,KBK 

20  FORMAT  I  IHO, 6X ,  3A8 ,  1 8X , 29HT YPE  AREAS  OF  COMPARTMENT  NO. , I  4 , 24« , 9HB 
ILOCK  NO., 121 

GO  TO  23 

21  WRITE  16,22)  ( FOR E T I  1  ) ,  I  =  1 ,  3 1  , KOMP , KB K 

22  FORMAT  I  1  HO, / , 7X , 3 A8 ,  1 8X , 29HT YPE  AREAS  OF  COMPARTMENT  N0.,I4,24X,9 
IHBLDCK  NO. ,121 

23  WRITE  16,24) 

24  FORMAT     I  IHO , 3 1 X ,  lOHCOVFR     T YPF  ,  9 X , 5H AC  RE S > 4 X , 1H» , 7X , 1 OHCOVFR     TYPE,9 
IX.SHACRES,/) 

on    26     Ul,  10 

J    =     I     ♦     10 

WRITE  16,25)   I,TYPNM(  1  1 .ARETYI  I  I  , J.TYPNMIJI  .ARFTYIJ) 

25  FORMAT  IIH  , 28X ,  I  2 , 2X , A  1 0 , 4X , F 9.  1 , 4X ,  1 H» , 4 X , 1 2 , 2X , Al 0 , 4X , F9. I  I 

26  CONTINUE 

WRITE  16,271  ARECP 

27  FORMAT  I  IHO,  70X,  lOHInTAL  AH f A , 2X , F 9. 1  ) 
WRITE  16,28)  GRUPI 1 ) ,GRUP(2 ) ,BARt 

28  FORMAT  I  1  HO ,  18X , 1 2HP I NE  GROUP  - , F9.  1  ,  8 X  ,  1 4HSPRUCE  GROUP  -,F9.1,5X, 
1  IRHOEFORESTEO  ACRES  -,F9.1) 

IFIKOUNT  .GE.  31  KOUNT  =  0 

29  CONTINUE 

GET  WORKING  CIRCLE  TOTALS  FRO"  BLOCK  TOTALS. 

DO  40  1=1, NOK 
00  40  .1=1,20 

40  SIYPIJl  =  STYPIJ)  »  SARETYII,J1 
on  4  1  l=l,NBK 

SaARB  =  SBARB  ♦  SARETYIl.lll 

SBAR&  =  SBARG  *     SARFTYIl.l?) 

SLAND  =  SLAND  ♦  ARBKI  1  I 

on  41  J=1,NWGP 

SMSPIJ)  =  SMSPIJ)  •  ACSPIJ,!) 

41  CONTINUE 

S8ARE  =  SBARB  ♦  SBARG 


C  PRINT  PAGE  TYPE  6 


UMMARY  OF  AREAS  BY  BLOCK  AND  WORKING  CIRCLE. 


WRITE  16,59) 

59  FORMAT  I 1HI,////,59X, IIHPAGE  TYPE  6) 
WRITE  16,601 

60  FORMAT  I  1  HO, 44X , 40HT0T AL  AREAS  OF  BLOCKS  AND  WORKING  CIRCLE) 
WRITE  16,61)  IFORETI 11,1=1,31 

61  FORMAT  I IH  ,53X, 3Aa) 


WRITE  {b,6^l 

62  FORMAT  (  IMO,  /  /  ,  <.X  ,  5HBL0CK  ,  1  OX  ,  5H  10  TiL  .  1<.X  ■ 'I'.Ht*****  PLflNTABLE  ACRE 
IS  FOREST  SOIL  •••••••••, 19X,23HF0REST  AND  REGENERA T I  NO  I 

WRITE  16,63) 

63  FORMAT  (IH  ,  <.X  ,  3HN0.  ,  1  1  X  ,  5HACRE  S  ,  1  ".X  ,  6HBRUSHY  ,  1  3X  ,  6HGR  A  SS  Y  ,  1  <>X  ,  5HT 
lOTAL,  19X,'.HPINE,  13X,6HSPRUCE,//  I 

00  65  I=1,NBK 

WRITE     (6, 64  1      ItARBKI  II,SARETyll,in,SARETY(l,12l,ACBAR(n,aCSP{l,I 
l).ACSPI2tll 
6*     FORMAT     (  1H0,<.X,  I2,8X,F10.  I,  lOX'.FlO.l  ,<)X,F  10.  1  ."JX.FIO.  1  ,  I  3X,F10.  I  ,9       69    CHMTINUE 

IX.FlO.l)  RETIJBN 

65    CONTINUE  E'lO 


wRITf     (6,6't(     SL  AND,  SnA»D,  S^.ARG,  SBAPE  ,  SMSP  (  1  )  ,SMSP(  2) 
36     FnaM4T     (illO,//,'.«,'3HTnTAL,6X,Fl0.1,IOX,FI0.1,9X,F10.1,9X,F10.l,13X 
1 ,F10. l,9X,F10.1  I 

WRITE     16.67) 
:,7     FllRVAT     (  IHO,  /  /  /  ,  55X  ,  2  IHDE  S  I  GNA  T  1  ON  S    OF     TYPES) 

on    69     1=1,10 

J     =     1     •     10 

WWITE  (fa.bM)   1  , T YPNM(  1  )  , J, TYPNM ( J) 
:,ll  FOHHAT  (  IHO.'.IX,  12,<,X,A10,6X,  1 


i  I2i'.X,A10) 


PAGE  TYPE  5 


BOGUS  NATIONAL  FOREST 


TYPE  AREAS  OF  COMPARTMENT  NO. 


BLOCK  NO.  1 


COVER  TYPE 

ACRES     » 

COVER  TYPE 

ACRES 

PIN  0-30 

0.0 

11 

OEFOREST-B 

0.0 

PIN  31-50 

3<.2.2 

12 

DEFOPEST-G 

0.0 

PIN  51-100 

ft4.<. 

1  3 

RECREAT ION 

0.0 

PIN  101-40 

537.8 

l". 

BARREN 

8.9 

PIN  14U 

53.3 

15 

DRUSHLAND 

0.0 

SPR  0-30 

0.0 

16 

RANGE-HERB 

17.8 

SPR  31-50 

0.0 

1  7 

PRIVATE 

231.1 

SPR  51 

0.0 

18 

-0.0 

SPR  101-40 

0.0 

19 

-0.0 

SPR  141t 

0.0 

20 

-0.0 

PINE  GROUP 


SPRUCE  GROUP 


TOTAL  AREA       1275.5 
0.0       DEFORESTtO  ACRES 


BOGUS  NATIONAL  FOREST 


TYPE  AREAS  OF  COMPARTMENT  NO. 


SLOCK  NO.  1 


COVER  TYPE 

ACRES 

PIN  0-30 

0.0 

PIN  31-50 

484.4 

PIN  51-100 

71.1 

PIN  101-40 

528.9 

PIN  141* 

8.9 

SPR  0-30 

0.0 

SPR  31-50 

0.0 

SPR  51 

0.0 

SPR  101-40 

0.0 

SPR  141. 

0.0 

COVER  TYPE 

ACRES 

DEFOREST-B 

40.0 

OEFOREST-G 

0.0 

RECREATION 

0.0 

BARREN 

40.0 

BRUSHLAND 

0.0 

RANGE-HERB 

0.0 

PRI VATE 

173.3 

PINE  GROUP 


TOTAL  AREA       1346.6 
SPRUCE  GROUP  -       0.0      DEFORESTED  ACRES 


BOGUS  NATIONAL  FOREST 


TYPE  AREAS  OF  COMPARTMENT  NO. 


BLOCK  NO.  1 


COVER  TYPE 

ACRES 

1 

PIN  0-30 

0.0 

2 

PIN  31-50 

102.2 

3 

PIN  51-100 

786.7 

4 

PIN  101-40 

97.8 

5 

PIN  141t 

0.0 

6 

SPR  0-30 

0.0 

7 

SPR  31-50 

0.0 

8 

SPR  51 

0.0 

9 

SPR  101-40 

6.9 

0 

SPR  141+ 

0.0 

COVER  TYPE 

ACRES 

OEFOREST-B 

lU.l 

OEFOREST-G 

0.0 

RECREATION 

0.0 

BARREN 

0.0 

BRUSHLANO 

0.0 

RANGE-HERB 

26.7 

PRIVATE 

124.4 

PINE  GROUP 


SPRUCE  GROUP  - 


TOTAL  AREA      1257.8 
8.9      DEFORESTED  ACRES 


APPENDIX  4 
Basic  Information  Used 


Tabulations  and  explanations  thatfollowdescribe 
the  relationships  to  be  determined  locally  to  adapt 
TEVAP  to  other  species  or  conditions.  Each  relation- 
ship appears  in  TEVAP  as  one  or  more  FORTRAN 
statements  for  each  species  or  working  group. 
Descriptions  include  explanations  of  the  21  program 
variables  and  related  FORTRAN  statements  involved. 
Tabulations  include  only  enough  entries  to  explain 
the  nature  of  the  information  needed,  and  do  not 
indicate  sample  sizes  or  desirable  ranges  of  data. 
Methods  used  to  determine  the  relationships  are 
found  in  standard  mensuration  texts  and  elsewhere 
(Myers  1966,  Myers  and  Godsey  1968). 

1 .  Stand  density  after  thinning- 
One  set  of  relationships  is  based  on  the  basal 
area  to  be  left  after  intermediate  cuts  for  various 
average  stand  diameters.  These  relationships 
control  thinning  intensity,  after  THIN(I)  and  DLEV(I) 
have  been  specified  by  the  program  user.  Initial 
data  needed   take  the  following  form: 


Average  stand 

Basal 

d.b.h.  after 

area 

cutting 

per 

(Inches) 

acre 

Sq.  Ft. 

2.0 

12.1 

2.4 

16.7 

2.8 

21.3 

3.2 

26.0 

3.6 

30.6 

4.0 

35.2 

4.4 

39.9 

4.8 

44.5 

5.2 

48.8 

5.6 

52.8 

6.0 

56.6 

Average  stand  Basal 

d.b.h.  after  area 

cutting  "  per 

(Inches)  acre 


6.4 
6.8 
7.2 
7.6 

8.0 
8.4 
8.8 
9.2 

9.6 

10.0+ 


Sq.  Ft. 

60.3 
63.8 
67.0 
69.8 

72.5 
74.9 
76.7 
78.2 

79.2 
80.0 


Values  in  this  tabulation  represent  a  few  points 
on  one  of  a  family  of  curves  (Myers  1966). 
Reserve  basal  area  increases  with  average  stand 
d.b.h.  until   10.0  inches  d.b.h.  is  reached.    There- 


after, reserve  basal  area  remains  constant  for  any 
one  growing  stock  level.  In  the  tabulation,  con- 
stant basal  area  is  80.0  square  feet  per  acre, 
and  the  values  represent  growing  stock  level 
80.  Other  levels  are  named  similarly.  Thus, 
if  THIN(I)  or  DLEV(I)  is  100,  basal  area  at  any 
d.b.h.  below  10.0  inches  is  the  basal  area  for 
level  80  multiplied  by  100/80.  If  d.b.h.  is  greater 
than  10.0  inches,  retained  basal  area  is  DLEV(I). 
Several  statements  in  subroutine  CUTS  are  de- 
rived from  basal  area  values  for  level  80.  They 
are  multiplied  by  terms  including  T|-|IN(I)  or 
DLEV(I),  redefined  as  REST,  to  provide  for  a  range 
of  possible  growing  stock  levels.  Variables  de- 
fined by  the  statements,  and  their  use,  are; 

a.  DBHP-to  find  a  d.b.h.  less  than  10.0  inches 
when  basal  area  is  known.  Three  equations  for 
DBhIP  are  used  to  simplify  representation  of 
the  nonlinear  relationship  between  d.b.h.  and 
basal  area. 

b.  BREAK  and  BUST— to  compute  values  of  basal 
area  that  are  the  upper  limits  of  applicability 
of  the  first  two  equations  for  DBHIP. 

c.  SOFT— to  find  basal  area  when  d.b.h.  is  known. 
Two  equations  represent  the  nonlinear  relation- 
ship for  d.b.h.  less  than  10. 0  inches. 

Two  equations  used  to  compute  LEVL  in  sub- 
routine GOT  include  the  equations  for  SOFT. 
They  give  the  equivalent  growing  stock  level 
when  average  d.b.h.  and  basal  area  are  known. 


2.  Tree  heights  in  well-stocked  stands- 
Average    height    of   dominant    and    codominont 
trees,    where    height    growth    is    not    reduced    by 
high  stand  density,  is  computed  from  data  of  the 
form: 


Main  stand 

age 

(Years) 


Site  index  class 


40 


50 


60 


70 


20 

40 

60 

150 


17 
26 
50 


10 
22 
33 
62 


13 
28 
41 
73 


16 
34 
49 
85 


-  49  - 


The  relationships  are  expressed  by  statements 
for  HTSO  in  subroutine  GOAL.  If  data  from  site 
index  curves  are  used,  the  crown  classesdescribed 
mustbe  the  same  as  those  used  to  develop  the 
site  curves.  The  crown  classes  must  be  the  same 
as  those  used  in  the  equations  for  total  cubic 
feet,  described  below. 


3.  Tree  heights  with  variable  stand  density- 
Future  average  heights  of  dominant  and  codomi- 
nant  trees,  without  restrictions  on  stand  density, 
are  computed  as  FHT{1)  by  subroutine  GOT. 
Heights  in  10  years  are  estimated  from  present 
average  height,  stand  age,  site  index,  and  basal 
area.  Data  needed  for  regression  analysis  may 
be  obtained  from  remeasurements  of  permanent 
plots  or  from  borings  and  ring  counts  on  tem- 
porary plots. 


4.  Future  average  stand  d.b.h.— 

Diameter  in  10  years  is  estimated  from  present 
average  d.b.h.,  site  index,  and  present  basal 
area.  Future  diameters  are  computed  as  FDM(I) 
by  GOT  and  as  DBHO  by  GOAL.  Data  needed 
to  obtain  the  prediction  equations  by  regression 
analysis  are  gathered  on  temporary  orpermanent 
plots. 


5.  Increase  in  average  d.b.h.  from  thinning- 
Effect  of  thinning  from  below  on  average  stand 
d.b.h.  is  simulated  by  subroutine  CUTS.  One  set 
of  changes,  replacement  of  equations  for  DBHE 
and  PDBHE,  is  needed  to  adapt  the  routine  to 
other  species.  DBHE  and  PDBHE  represent  the 
same  item,  estimated  d.b.h.  after  thinning.  DBHE 
is  computed  directly  if  the  estimated  percentage 
of  trees  to  be  retained  is  at  least  50  percent. 
With  fewer  trees  retained,  PDBHE  is  computed 
and  its  antilogarithm  becomes  DBHE. 

Prediction  equations  are  derived,  preferably  by 
computer,  in  the  sequence  listed  below.  Additional 
discussion  and  a  slightly  different  procedure 
appear  elsewhere  (Myers  1966,  Myers  and 
Godsey  1968). 

a.  Convert    a    series    of    stand    tables    of    actual 
stands  to   1000  trees  each.    Known  values  may 


be:  (1)  the  average  d.b.h.  of  each  one-inch 
class  and  the  number  of  trees  in  the  class,  or 
(2)  a  list  of  1  000  tree  diameters. 

b.  Compute  average  d.b.h.  of  each  stand  (DBHO). 

c.  Create  a  set  of  1000  randomly  arranged  dia- 
meters for  each  stand.  Arrange  individual 
diameters  or  class  averages,  whichever  isavail- 
able  from  step  a. 

d.  Create  groups  of  trees,  based  on  percentages  ' 
of  trees  to  be  retained  (PRET),  and  tally  the 
largest  diameter  in  each  group.  For  example, 
if  25  percent  of  the  trees  are  to  be  retained, 
divide  the  1,000  randomly  arranged  diameters 
into  250  groups  of  four  trees  each.  Tally  the 
largest  diameter   in    each  group  of  four  trees. 

e.  Repeat  step  d  for  various  percentages  of  reten- 
tion and  for  each  stand. 

f.  Compute  the  average  d.b.h.  (DBHE)  that  results 
from  each  percentage  retention  (PRET)  in  each 
stand. 

g.  Use  regression  analysis  to  obtain  equations  that 
predict  DBHE  from  DBHO  and  PRET. 

h.  Compare  predicted  and  actual  values  of  DBHE, 
using  data  from  actual  stands,  to  insure  that 
adequate  predictions  can  be  made. 


6.  Noncotostrophic  mortality- 
Reduction  in  number  of  trees  through  normal 
mortality  may  be  important  in  unthinned  stands, 
but  minor  and  erratic  iri  thinned  stands.  Stands 
with  an  average  d.b.h.  of  10.0  inches  or  larger 
are  assumed  to  have  no  accountable  mortality. 
Future  stand  density  is  computed  as  FDN(I)  by 
GOT  and  as  DENO  by  GOAL.  Definitions  and 
values  of  both  variables  change  during  record 
processing.  The  first  computation,  the  equation 
that  varies  by  species,  produces  percentage  mor- 
tality in  10  years,  expressed  as  a  decimal.  The 
10-year  period  equals  the  projection  period  of 
related  equations  that  estimate  future  diameter 
and  height.  Later,  FDN(I)  or  DENO  is  redefined 
as  future  number  of  trees  and  is  computed  from 
the  original  value  of  FDN(I)  or  DENO.  This  is 
a  programing  convenience  to  avoid  additional 
memory  locations. 


7.  Total  cubic  feet  per  acre- 
Stand  volumes  in  total  cubic  feet  are  computed 
with  stand  volume  equations.    As  used  in  TEVAP, 
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cubic  volume  is  determined  from:  (1)  basal  area 
per  acre,  average  height  of  dominant  and  co- 
dominant  trees,  number  of  trees,  and  average 
stand  d.b.h.,  or  (2)  from  basal  area  and  height 
alone.  Both  sets  of  variables  have  been  sig- 
nificant in  analyses  of  actual  data. 

Values  of  five  variables  are  obtained  from  the 
same  stand  volume  equations:  TOT(I),  FVL(I), 
and  TVL(I)  in  GOT  and  TOTO  and  TOTT  in  GOAL. 

Conversion  of  total  cubic  feet  to  other  units- 
Volumes  are  first  computed  in  total  cubic  feet 
per  acre,  as  described  above.  They  are  then  con- 
verted to  other  units  by  subroutine  VOLS.  The 
second  column,  below,  shov/s  some  of  the  ratios 
used  to  obtain  equations  for  FCTR.  The  third 
column    shows    ratios    used    to    compute    PROD. 


Average 

Me 

rcliantable  cubic 

Bo 

ard  feet 

stand  d.b.ti. 

feet  T  total 

total 

(Inches) 

cubic  feet 

cu 

bic  feet 

5.1 

0.355 



6.0 

.552 

— 

6.9 

.725 

— 

8.3 

.860 

0.99 

9.1 

.901 

1.55 

10.3 

.931 

2.38 

19.0 

.962 

5.33 

23. A 

.969 

5.88 

Volume  or  weight  per  acre  of  numerous  stands 
are  determined  in  units  of  interest  and  in  total 
cubic  feet.  Then,  the  quantity  of  each  unit  per 
total  cubic  foot  is  determined.  Selection  of  appro- 
priate units  includes  choice  of  minimum  mer- 
chantable top  diameters  and  d.b.h. 


APPENDIX  5 


An  Example  of  Record  Maintenance 


Program  GROW,  listed  below,  is  an  example 
of  the  assistance  provided  by  computers  in  the 
maintenance  of  records.  Its  purpose  is  to  update 
inventory  records  if  thinning  or  other  change  has 
not  required  replacement  with  a  new  record.  New 
inventory  data  and  updated  data  can  then  be  com- 
bined for  input  to  TEVAP.  The  new  management 
guide  produced  will  be  based  on  the  most  recent 
estimates  of  forest  condition  for  all  plots  or  sub- 
compartments.  The  guide  can  be  produced  during 
the  winter,  between  growing  seasons,  before  it  is 
needed  to  plan  the  next  season's  work. 

Inputs  to  GROW  are  always  original  records, 
not  the  results  of  previous  projections.  A  9999  is 
punched  instead  of  the  year  of  record  on  inventory 
cards  with  updated  information.  Records  with  very 
large  values  for  year  will  not  be  processed  by  the 
program.  Accidental  mixture  of  original  and  updated 
records  will  not  be  perpetuated  for  use  by  TEVAP. 
This  feature  requires  that  two  sets  of  inventory 
records  be  prepared  for  each  working  circle: 

1.  A  permanent  file  of  original  data  that  is  revised 
only  by  replacement  of  records.  This  file  is  re- 
vised continuously  as  work  and  inventory  reports 
are   submitted,    and   is   the   input  file  for  GROW. 

2.  A  temporary  file  consisting  of  data  updated  by 
GROW  and  of  duplicates  of  original  data  that  are 


too  new  to  need  updating.     This  file  contains  the 
inventory  records  to  be  used  by  TEVAP. 
Use  of  two  files  increases  the  complexity  of  the 
record  system,  but  avoids  the  compounding  of  pro- 
jection errors. 

Linear  projections  are  used  in  GROW  because 
other  forms  of  the  relationships  are  unknown.  For 
example,  a  2-year  increase  in  diameter  is  assumed 
to  equal  two-tenths  of  the  increase  projected  by 
an  equation  developed  for  a  10-year  period.  Pro- 
jection periods,  the  variable  TIME  in  TEVAP,  should, 
therefore,  be  kept  short,  especially  for  fast-growing 
species. 

GROW  produces  three  kinds  of  output,  asfollows: 

1.  An  inventory  card  with  updated  data  is  punched 
for  direct  use  or  for  transfer  to  magnetic  tape. 
Alternatively,  the  logical  unit  assigned  to  the 
punch  may  be  assigned  to  a  tape  drive.  Card 
images  of  the  temporary  inventory  file  are  then 
written  directly  onto  tape. 

2.  A  copy  of  the  card  or  card  image  may  be  printed, 
if  desired.  A  nonzero  value  of  DUPL  is  read  to 
obtain  the  printed  record. 

3.  A  record  of  the  number  of  cards  processed  is 
written  after  all  other  operations  have  been  exe- 
cuted. The  total  does  not  include  any  previously 
updated  records  accidentally  mixed  with 
original  data. 
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PBDGR4f  GRCH 
U  INPUT,  OUTPUT,  PUNCH,  TAPE  5=  I  NPUT,TAPE6  =  CUTPUT,TAPE7  =  PUNCH,I6PE'i  =  TSP 
2E51 
C 

C  TO  UPDATE  INVENTORY  IF  NO  CHANGES  EXCEPT  NORMAL  GROWTH  HAVE  OCCURRED. 
C 

C  CEFINITIONS  OF  VARIABLES  NOT  ALREADY  DEFINED  IN  PROGRAM'  TEVAP. 
C       ACO  =  NUMBER  OF  YEARS  TO  PROJECT  INVENTORY  DATA. 
C       ANO  =  YEAR  AFTER  LAST  GROWING  SEASON  TO  BE  PROJECTED. 
C       DUPL  -     INDEX  TO  PRINT  111  OR  OKIT  (BLANK  CR  01  NEW  DATA. 
C      NER  =  NUMBER  OF  INVENTORY  CARDS  PROCESSED. 
C 

DIMENSION  AGE1J),6ASI2),DATEI3I,0BH(2),0EM^1,FAGI21,FDENI2I,F0MI2 
l),FHTI2l,FORETI3),HTI2  1,JFAG12l,JFDENI21,JFDM12  1,JFHTI2) 

KNTR  =  0 

NPR  =  0 
C 

C  READ  VALUES  COMMON  TO  ALL  CARDS. 
C 

READ  (5, II  (FORETI I), 1=1,31 

1  FORMAT  I3A81 

READ  15,11  IDATEI 11,1=1,31 
READ  (5,21  R INT, DUPL, ANO, NBK 

2  FORMAT  (  3F<..0,  CI 
C 

C  INITIALIZE  VARIABLES  RECOMPUTED  FOR  EACH  INVENTORY  CARD. 
C 

10  DC  11  1=1,2 

FAGI  I  I  =  0.0 

FCENI II  =  0.0 

FCM(  I  1  =  0.0 

FHI (11=  0.0 

JFAG( 11=0 

JFDEN( 11=0 

JFOMI 11=0 
1  1  JFHTI  11  =  0 

SBAS  =  0.0 

c 

C  READ  INVENTORY  CARDS.  LAST  CARD  IS  BLANK  TO  STOP  PROCESSING. 

C  INVENTORY  RECORDS  ARE  ORIGINAL  DATA,  NOT  RESULTS  OF  PREVIOUS 

C  PROJECITONS.  VARIABLE  WHEN  IS  ACTUAL  DATE,  NOT  DUMMY  ADDED  BY  THIS 

C  PROGRAM. 

C 

READ  Ci.lSI   IBK.KOMP,  I  SUB , Q TR 1 , 0TR2 , SEC T , TOWN, RANG, SI TE,STRY,NTYP, 

IHORK.DBHI 1I,HT(1I,0EN(1I,AGEI1I,DBH12I,HT(2I,DEN(2I,AGE(2I,ACRE,WH 

2EN 
15  FORMAT  (12,l<.,I3,3A3,2A4,F<>.0,F2.0,13,F3.0,F<..l,F3.0,F5.0,F',.O,F'.. 

11,F3.0,F5.0,F<..0,F5.1,F5.0I 


FCMIII  =  CBHIll  •  (FDH(II  -  DBHIlll  «  TEM 

FHTIII  =  HTIII  ♦  (FHTIIl  -  HTdll  •  TEM 
51  CONTINUE 
C 

C  CHANGE  TYPE  CODES  AS  NEEDED. 
C 

MKK  =  0 

IflNTYP  .GT.  51  MNK  =  5 

J  =  1 

IFISTRY  .GT.  C.Ol  J=2 

IFIFAGIJI  .GT.  30.01  GO  TO  55 

NTYP  =  1  *  MNK 

GC  TO  70 

55  IFIFAGIJI  .GT.  50.01  GO  TO  56 
NTYP  =  2  t  MNK 

GC  TO  70 

56  IFIFAGIJI   .GT.  100.01  GO  TO  57 
NTYP  =  3  »  MNK 

GO  TO  70 

57  IFIFAGIJI  .GT.  MO. 01  GO  TO  58 
NTYP  si.*  MNK 

GC  TO  70 

58  NTYP  =  5  t  MNK 
C 

C  CONVERT  TO  FIXED  POINT  FOR  PUNCHING.  RETAIN  NECESS\RY  DECIMALS. 

c 

70  DO  71  1=1,2 

JFDMI  I  I  =  FDMI  II  •  10.0  »  0.5 
JFAGI  I  I  =  FAGI  II  »  0. 5 
JFDENI 1 1  =  FDENI II  •  0.5 
JFHTI  II  =  FHTI  1  1  »  0.5 
FAGI  1  I  =  JFAGI  I  1 
FCENI  I  I  =  JFDENI  I  I 
FHTI  I  1  =  JFHTI  I  I 


DETERMINE  IF  GROWTH  PROJECTION  CAN  BE  MADE. 

IFIIBK  .LE.  0  .OR.  IBK  .GT.  NBK 1  GO  TO  140 


FDMI  II 

FOMI  I  1 

CONTINUE 

GC  TO  10 

DO  6  1  1=1,2 

FAGI  I  I  =  AGEI  I  1 

FCENI  I  I  =  DENI  I  I 

FOMI  I  1  =  DBHl  I  1 

FHTI  II  =  HTIII 

JFAGI  I  1  =  AGEI  I  1 

JFDENI  1  I 

JFDMI  I  I 

JFHTI  II  =  HTI  I  I 

CONTINUE 

JSIIE  =  SITE 

JSTRY  =  STRY 

JWORK  =  WORK 

JACRE  =  ACRE  • 

jwHN  =  gggg 


JFDMI  I  1 
FDMI  I  I  • 


DENI  I  1 
DBHl  I  1  • 


C  TEST  DATE  OF  DATA  SO  PROJECTED  DATA  WILL  NOT  BE  PROJECTED  AGAIN. 


C  PUNCH  REPLACEMENT  FOR  INVENTORY  CARD,  USING  NEW  DATA. 


IFIWHEN  .GE.  2000.01  GO  TO  10 

N6R  =  NBR  ♦  1 

ADD  =  ANO  -  WHEN 

IFIAOO  .EO.  0.01  GO  TO  80 

IFIOENIII  .EQ.  0.0  .OR.  OBHIU 
C 
C  COMPUTE  FUTURE  STAND  VALUES. 


.EQ.  0.01  GO  TO  80 


DEM  I  I 
0EM2I 


0.00028 
DBHl I  1 


•  DBHl I  I 
SBAS 


DBHl I  I 


BASIll  =  0.005'.5'i2  •  DBHIll  »  OBHIll 
BAS(2I  =  0.005'i5'i2  »  0BHI21  •  0BHI2I 
SBAS  =  BASI  11  •  BASI 21 
IFINTYP  .GT.  51  GO  TO  30 
DO  20  1=1,2 

IFIDBHIII  .EO.  0.01  GO  TO  20 
IFIOENIII  .EU.  0.01  GO  TO  20 
FAGI  I  I  =  AGEI I  I  •  ADD 
IFIOBHl  I  I  .GE.  10.01  GO  TO  17 
FDENIIl  =  0.002'.7  ♦  0.0012'.  •  OBHIll 
10.00000521  »  SBAS  »  SBAS  -  0.0000905 
IFIFOENIIl  .IT.  0.01  FDENIIl  =  0.0 
FDENIIl  =  DENII)  »  11.0  -  FOENIIII 
GO  TO  18 

17  FCENI  1  I  =  DENI  I  I 

18  FCMIII  =  0.88511  •  OBHIll  ♦  1.29735  »  ALOG 1 0 1 HT I  I  1  I  < 
IHIII  •  SITE  •>  62.37174  /  SBAS  -  1.56975 

FHTIIl  =  IS.'iaOZl  »  1.107  •  HTIII  -  0.08637  »  AGEIII 
ISITE  -  0.02<i'i7  •  SITE  •  SBAS  «  0.01 
20  CONTINUE 

GO  TO  50 
30  DO  W    1=1,2 

IFIDBHIII  .EO.  0.01  GO  TO  ".0 

IFIOENI  II  .EO.  0.01  GO  TO  ".O 

FAGI II  =  AGEI 1 1  *    ADO 

IFIDBHIII  .GE.  10.01  GO  TO  35 

FDENIIl  =  0.05285  -  0.013',6  •  DBHIll  ♦  0.C0226  •  DBHIll 
10.0000066  •  SBAS  *  SBAS  -  0.C001931  •  DBHIll  •  SBAS 

IFIFOENIIl  .LT.  0.01  FDENIIl  =  0.0 

FDENIIl  =  DENIIl  •  11.0  -  FDENIIll 

GC  TO  36 

35  FDENI  I  I  =  DENI I  1 

36  FCMIII  =  0.2631  •  0.95287  •  OBHIll  »  0.0016  •  DBHIll  •  SITE  ♦  16.". 
16662  /  SBAS 

FHTIIl  =  l<,.573'.9  ♦  1.101  •  HTIII  -  0.0965<.  *  AGE  1  1  I  -  333.37172  / 
ISITE  -  0.0«321  •  SITE  •  SBAS  •  0.01 
<,0  CONTINUE 
C 
C  CHANGE  ORIGINAL  VALUES  TO  THOSE  EXPECTED  IN  ACD  YEARS. 


0.00119  •  DB 
-  30<i. 12172  / 


DBHl 1 1 


50  TEM  =  ADD  /  RINT 
DO  51  1=1,2 
FDENI I  I  =  DENI I  1 


IFOENI  I  1  -  DENI  I  1  I 


WRITE  17,911   IBK.KOMP, I  SUB , OTR 1 , QTR2 , SEC T , TOWN , R ANG , JS I TE , JSTRY , NT 
lYP, JWORK, JFOMI ll,JFHTIll,JF0EMn,JFAGIll,JFOM(2l,JFHTI2l,JFDENI2l 
2,  JFAGI 21 .JACRE, JWHN 
9  1  FORMAT  ll2,I'.,I3,3A3,2A<.,li.,I2,2I3,I'.,I3,I5,2I'.,13,I5,I<.,2I5l 
C 

C  PRINT  RECORD  OF  NEW  INVENTORY  DATA,   IF  DESIRED. 
C 

IFIDUPL  .EG.  0.01  GO  TO  10 
IFIKNTR  .EQ.  501  KNTR  =  0 
IFIKNTR  .NE.  01  GO  TO  120 
WRITE  16,1101 

110  FORMAT  I  1H1,//,43X,39HRESULTS  OF  P;;OJECTICN  OF  INVENTORY  DATA! 
WRITE  16,1111  I FORETI  I  1 ,  1  =  1,31  , (DATE (Kl ,K=1, 31 

111  FORMAT  I  1H0,8X,3A8,'.0X,  18HDATA  PROJECTED  TO  ,3A8I 
WR ITE  16,1121 

112  FORMAT  I 1HO,50X,29H****«*****OVERSTORY**»******»,3X,29H***»***»*UN 

1  DER  STOP  Y»«  ••••<•••,!  2  X,5H0R  I  G./IH  ,  2  X  ,  5HBL0CK  ,  2  X  ,  <,HCOMP  ,  2X,  <.HSUBC  ■ 

2  2X,4HSITE,3X,5HST0RY,3X,',HTYPE,3X,<.HW0RK,'.X,3HDBH,'.X,2HHT,5X,5HTRe 
3ES,5X,3HAGE,5X,  3HDBH,  5X  ,  2HHT  ,  <|X  ,  5HTRE  E  S  ,  5X  ,  3HAGE  ,  5X  ,4HARE  A  .'.X  .liHDA 
<,TE  I 

WRITE  16,1131   IBK.KOMP, I  SUB . S 1 TE . STR Y . NT YP . WORK . FDM I  1  I  . FHT I  1  I . F06N 
1I11.FAGI1I.FDMI2I  .FHT 121 .FDENI 21. FAG  121. ACRE, WHEN 

113  FORMAT  I  1H0,3X.I2,5X.I3.3X.12,1X.F6.1.3X.F4.1,5X.I2.'.X.F'..1.2X,F5. 
11.1X,F6.1.2X,F8.1.2X.F6.1.2X,F5.1,2X.F6.1.1X.F8.1,2X,F6.1,2X.F7.1. 
21X,F6.0I 

KNTR  =  KNTR  <  1 
GC  TO  10 

120  WRITE  16.1211  I BK . KOMP . I  SUB , S I TE , S TR Y , NT YP , WORK . FDM I  1 1 , FHT I  1  I  . FDEN 
1111, FAGIII,F0MI2I,FHTI2I,FDENI2I, FAG  121, ACRE, WHEN 

121  FORMAT  I  IH  ,3X.  I2.5X,  1  3,3X,  12,  1X,F6.  1  ,3X.F4.  1,5X.  I2.'.X.F'..  1  .2X.F5. 
ll,lX,F6.1,2X,Fe.l,2X.F6.1,2X,F5.1,2X.F6.l.lX,F8.1.2X,F6.1,2X,F7.1, 
21X,F6.0I 

KNTR  =  KNTR  ♦  1 
GC  TO  10 

c 

C  RECORD  THAT  THE  CHANGES  WERE  MADE. 
C 

1<.0  IFIDUPL  .EQ.  0.01  GO  TO  150 

WR  ITE  16.  Ul  I  NBR 
1^.1  FCRMATl  IHO,//,  5X,27HNUMBER  OF  CARDS  REPUNCHEO-  ,151 
GO  TO  160 

150  WRITE  16,1511 

151  FORMAT  I  1H1,////,'.3X,  38HREC0RD  OF  PROJECTION  CF  INVENTORY  DATAI 
WRITE  16,1521  :F0RETI  I  I  ,  1=1,31 

152  FORMAT  I  IHO, / , « 3X , 16HS0URCE  OF  DATA-  ,3A8I 
WRITE  16, 1531  (DATEI 11,1=1,31 

153  FORMAT  I  1H0./.'>3X.  18HDATA  ADJUSTED  10-  .3A81 
WRITE  16,  15<,l  NBR 

15'i  FORMAT  I  1H0,/,5X,27HNUM8ER  OF  CARDS  REPUNCHED-  ,151 
160  CALL  EXIT 
END 
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As  our  Nation  grows,  people  expect  and  need  more  fro 
their  forests— more  wood,  more  water,  fish  and  wildlife;  more 
recreation  and  natural  beauty;  more  special  forest  products  and 
forage.  The  Forest  Service  of  the  V .  S.  Department  of  Agricul- 
ture helps  to  fulfill  these  expectations  and  needs  through 
three  major  activitie s: 

•  Conducting  forest  and  range  research  at  over  7S  loca- 
tions   ranging    from    Puerto    Rico    to    Alaska    to    Hawaii. 

•  Participating  with  all  State  forestry  agencies  in  co- 
operative programs  to  protect,  improve,  and  wisely  use 
our  Country's  395  million  acres  of  Slate,  local,  and 
private  forest  lands  . 

•  Managing  and  protecting  the  187 -million  acre  National 
h  ores  I  Sys tern . 

The  Forest  Service  does  this  by  encouraging  use  of  the 
new  knowledge  that  research  scientists  develop;  by  setting 
an  example  in  managing,  under  sustained  yield,  the  National 
Forests  and  (jrasslands  for  multiple  use  purposes;  and  by 
cooperating  with  all  States  and  ivith  private  citizens  in  their 
efforts  to  achieve  better  management,  protection,  and  use  of 
forest  resources . 

Traditionally,  Forest  Service  people  have  been  active 
members  of  the  communities  and  towns  in  which  they  live  and 
work.  They  strive  to  secure  for  all,  continuous  benefits  from 
the  Country's  forest  resources. 

For  more  than  60  years,  the  Forest  Service  has  been  serv- 
ing the  Nation  as  a  leading  natural  resource  conservation 
agency . 
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ABSTRACT 

Data  were  token  in  avalanche  starting  zones  at  an  elevation  of 
1  1,700  feet  in  Front  Range  of  Colorado  within  14  days  of  deposition. 
Densities  varied  from  40  to  450  kg  m~  .  A  statistical  criterion  was 
used  to  identify  snow  with  unusually  high  density  for  its  age  (initial 
hard  slab)  and  unusually  low  (persistent  soft  snow).  Initial  hard  slab, 
found  in  15  percent  of  the  pits,  was  correlated  with  moderate  to  high 
windspeeds,  low  temperatures,  and  presence  of  wind-transported  snow. 
No  good  way  was  found  to  distinguish  initial  hard  slab  from  dense 
older  snow.  Tensile  strength  from  a  spin  test  varied  from  1.0  to  1712 
grams  force  cm  ^.  Strength  increased  with  density  but  varied  greatly 
for  given  density.  Younger  snows  tended  to  be  weaker  than  older 
snows  of  same  density.  Strength  was  also  measured  with  shear  box 
and  shear  vane.  Ram  resistance  was  higher  for  alpine  snow  than  for 
snow  of  same  density  in  the  trees.  Air  permeability  was  an  order  of 
magnitude  less  than  expected  and  varied  with  the  low  flow  rate  used. 
The  ratio  virtual  porosity/porosity,  which  averaged  1.062,  was  of  little 
value  for  identifying  wind  slab.  Strength  of  snow  of  given  density 
was  greater  for  a  certain  permeability  (texture)  than  for  any  other. 
KEY  WORDS:     Avalanches,   snow,  weather,  permeability,  snow  density. 


ABOUT   THE   COVER: 


This  hard-slab  avalanche  was  released  in   the  study  area 
19   Feb   1966  by  an   explosive  charge.      The  fracture  face  in   the 
shadowed  area   is    7   feet   tall.      The  avalanche  slid  over  an  old 
snow  surface  in   the   top  of  the   track,   but  went   to  ground 
farther  down   the   600- foot-long   track.      Angular  blocks   in   the 
debris   are   typical   of  hard-slab  avalanches.      The  fact   that 
many  of  the  blocks   could  be   fitted  back   together  suggests 
brittle  failure  of  the  snow.      The  ripples   and  pockmarks   on 
the  snow  surface  outside   the  slide  area   are   the  result  of 
wind  action. 
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Physical  Properties  of  Alpine  Snow  as  Related 
to  Weather  and  Avalanche  Conditions 


M.   Martinelli ,  Jr. 


Background 

The  avalanche  classification  proposed  by 
de  Quervain  (1966)  and  used  in  many  countries 
differentiates  between  hard  slab  and  soft  slab  ava- 
lanches.^ The  field  designation  for  hard  or  soft 
slab  is  usually  based  on  the  size  and  shape  of  the 
debris  left  by  the  avalanche.  Distinct  angular  blocks 
of  snow  in  the  debris  indicate  hard  slab,  while 
amorphous  mounds  or  sheets  of  debris  distinguish 
the  soft  slab— provided,  of  course,  the  tell  tale  fracture 
line  of  the  slab  avalanche  is  present  in  the  starting 
zone. 

It  is  generally  agreed  that  wind  action,  either 
during  snowfall  or  during  the  transport  and 
redeposition  of  old  snow,  toughens  the  snow  and 
often  leads  to  slab  formation.  Seligman  (1936) 
says  soft  slab  forms  when  the  amount  of  precipi- 
tation or  drift  snow  is  too  great  for  the  wind  to 
pack  solidly.  Hard  slab,  according  to  him,  is  the 
result  of  the  amount  of  icing  (cementing  or  bonding), 
which  he  attributes  to  the  duration  and  intensity 
of  winds.  Others  (U.S.  Forest  Service  1961)  have 
said  that,  although  wind  is  one  of  the  predominant 
natural  factors  in  slab  formation,  wind  alone  is 
neither  necessary  nor  sufficient  to  cause  slab  forma- 
tion in  snow-covered  areas. 

LaChapelle  (1966)  states  that  hard  slab  is  the 
principal  type  of  avalanche  in  the  Rocky  Mountain 
region  of  the  United  States,  and  implies  it  is  the 
result  of  cold  temperatures  and  strong  winds. 
Judson  (1967)  agrees  that  hard  slab  is  often  formed 
in  Colorado  during  periods  of  light  snowfall  and 
cold  temperatures.  He  points  out,  however,  that 
soft-slab  avalanches  outnumber  hard- slab  avalanches 


llxhe  term  slab  avalanche  is  the  English 
translation  of  the  German  term  Schneebrett- 
lawine  and  refers  to  avalanches  of  snow  with 
an  appreciable  degree  of  internal  bonding 
(Mellor   1968) . 


three    to    one    in    Central    Colorado— a    proportion 
common  to  many  areas. 

Although  there  seems  to  be  considerable  doubt 
about  the  frequency,  distribution,  and  cause  of  hard 
slab  formation,  practical  experience  has  shown  that 
the  operational  procedures  necessary  to  maintain 
safety  on  winter  sports  areas  and  along  mountain 
highways  are  different  for  hard-slab  and  soft-slab 
conditions.     For  example,  when  hard  slab  is  present: 

1.  Slope  stabilization  by  protective  skiing  is  difficult 
and  very  uncertain. 

2.  Explosive  control  is  also  difficult  because  hard 
slab  is  often  highly  localized.  For  this  reason, 
an  avalanche  released  on  one  slide  path  seldom 
propagates  to  other  paths,  as  often  happens  with 
more  widespread  soft  slab.  This  means  each 
danger  spot  must  be  controlled  directly. 

3.  Heavier  than  usual  explosive  charges  are  needed 
because    of    the    greater    strength   of   hard    slab. 

4.  Different  target  areas  become  important. 

It  is  of  more  than  academic  interest,  therefore, 
to  be  able  to  determine  the  type  of  slab  present 
before  an  avalanche  runs,  and  to  know  more  about 
the  weather  conditions  causing  different  types  of  slab. 


Objectives 

This  study  was  undertaken  (1)  to  determine  the 
physical  and  mechanical  properties  of  newly 
deposited  snow,  and  (2)  to  correlate  these  properties 
with  the  weather  factors  during  deposition,  with 
special  emphasis  on  the  factors  leading  to  hard  slab. 
More  specifically,  we  wanted  to  see  (1)  if  the  ratio 
of  virtual  porosity  to  actual  porosity  (Bader  1954) 
could  be  used  to  identify  wind  slab;  (2)  what  wind, 
temperature,  and  precipitation  conditions  were 
important  for  the  two  types  of  slab;  and  (3)  what 
mechanical  or  physical  properties  could  be  used 
to  distinguish  hard  from  soft  slab  without  having 
to  wait  for  an  avalanche  to  run. 


Study  Site  and  Data  Taken 

Data  were  token  in  the  starting  zones  of  several 
small  avalanches  at  an  elevation  of  11,700  feet, 
near  Berthoud  Pass  in  the  Front  Range  of  Central 
Colorado  (fig.  I ). 

Slopes  were  steep  (average  gradient  about  35°) 
and  rocky,  with  a  sparse  cover  of  grasses,  sedges, 
and  forbs.  Exposures  varied  from  north  through 
east.  Scattered  islands  of  short,  wind-trimmed  spruce 
and  fir  trees  (Krummholz)  were  present  around  the 
edges  of  several  of  the  avalanche  paths.  The  upper 
limit  of  erect  tree  growth  was  250  to  300  feet 
below  the  study  site.  Within  5  miles  of  the  site 
there  are  55  avalanche  paths  that  cross  interstate 
highways,  or  threaten  mining  operations,  homes, 
or  public  ski  areas.  There  are  74  such  paths  within 
10  miles,  and  1  12  within  15  miles. 


Thefollowing  weather  data  wereavailable  either 
from  the  routine  climatic  observations  being  taken 
at  the  Pass,  or  as  a  part  of  this  study: 

Windspeed  and  direction  were  taken  6  feet 
above  the  snow,  75  to  100  feet  uphill  from  the 
study  area;  air  temperature  and  precipitation 
were  recorded  and  snow  depths  measured  daily 
in  a  small  opening  in  the  timber  400  feet  below 
and  1/4  mile  northeast  of  the  study  site;  new 
snow  depths  were  measured  at  intervals  of 
several  days  on  stakes  located  in  the  study  area. 

At  selected  spots,  specific  snowcover  data  were 
taken  following  two  storms  in  the  winter  1964-65, 
one  in  1965-66,  eight  in  1966-67,  and  seven  in 
1967-68.  One  additional  set  of  data  was  gathered 
at   the   Urad   Mine   4   miles   southwest  of  the  study 


FiguA^   l.--StadLj  bite  In  thd  ffioivt  Range  o(,  Colorado.     Ee^thoud  P(Ui>,  wkdit  U,   S.    Highway  40  cfL066eJ> 
the.  Contine.niki  Vlvldt,   -U  in  the.  lowe/i  le-^t  {,ofLe.gKoand.     The  avcitancht  paXh  calZeA  tiie.  Roll  ii 
the.  mooth,   ULfiving  ilope.  maxked  A.     (1-12  VoAk  whe/ie  alimatlc  data  we-^e  take.n  li  the.  bmatl 
opening  -in  tlie  tlce6  ma-ifeed  6. 
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site  in  March  1965.  For  the  last  two  winters,  data 
were  gathered  for  most  of  the  significant  storms. 
These  data  included: 

Ram  resistance,  snow  stratigraphy,  snow  tem- 
perature, grain  size,  grain  type,  snow  density, 
air  permeability,  and  three  independent  indexes 
of  strength. 

Ram  resistance  was  usually  measured  for  the 
entire  depth  of  the  snow  cover.  Other  items  were 
measured  for  each  significant  layer  within  the  new 
snow.  When  avalanches  had  just  run,  most  of  the 
above  data  were  taken  in  the  undisturbed  snow 
just  above  the  fracture  line.  The  centrifugal  test 
for  tensile  strength  was  started  in  December  1966. 


Snow  crystals  were  photographed,  and  air  per- 
meability and  tensile  strength  tests  were  carried 
out  on  field  samples  in  an  unheated  hut  near  the 
study  site.  Temperature  in  the  hut  was  usually 
well  below  freezing. 


Physical  and  Mechanical  Properties 

Physical  and  mechanical  properties  are  summar- 
ized in  the  Appendix.-'  For  the  most  part,  the  snow 
was  less  than  2  weeks  old.  This  new  snow  aver- 
aged 5  days  of  age  when  sampled;  in  a  few  cases, 
ages  were  not  known  or  were  in  excess  of  2  weeks. 
Where  such  data  are  used  in  this  report,  they  are 
clearly  marked. 


General  Field  Procedure 

When  a  storm  was  imminent,  several  snowboards 
were  placed  in  the  avalanche  loading  zone  to  aid  in 
dating  the  new  snow.  After  the  storm,  resistance 
to  penetration  was  measured  for  the  entire  snow 
depth  near  one  of  the  snowboards  with  a 
rammsonde  (Bader  1954,  Niedringhaus  1965).  This 
also  established  total  snow  depth,  height  of  snow- 
board above  ground,  and  a  convenient  height  refer- 
ence for  all  subsequent  data. 

A  pit,  dug  down  to  the  snowboard,  exposed  a 
cross  section  of  the  new  snow.  Snow  layers  were 
delineated  by  visual  inspection  or,  in  most  cases, 
by  inserting  a  piece  of  stiff  plastic  into  the  pit  wall 
and  moving  it  slowly  upward  to  detect  changes  in 
hardness.  Snow  grain  size  and  type  were  estimated 
with  the  aid  of  a  millimeter  grid  and  hand  lens 
according  to  the  International  Classification  (Inter- 
national Association  of  Hydrology  1954).  Snow 
temperature  was  measured  at  1  0-cm  intervals  with 
a  thermistor  probe  and  a  bridge  circuit  (Swan- 
son  1962). 

Samples  were  taken  in  each  significant  snow 
layer  with  the  standard  SIPRE  (USA  CRREL)  500  cm  3 
samplers  (189  mm  long  and  58  mm  in  diameter). 
Some  samples  were  taken  parallel  to  the  layering 
for  tensile  strength  tests;  others  were  taken  per- 
pendicular to  the  layers  for  air  permeability.  All 
samples  were  weighed  to  determine  density. 

Small  benches  were  prepared  in  the  pit  wall 
near  the  center  of  each  snow  layer,  and  shear 
strength  was  measured  in  place  by  two  methods— 
the  torque  vane  and  the  shear  frame. 


Density 

This  well  known  and  relatively  easy-to-measure 
feature  is  the  most  definitive  single  property  of 
snow.  Density  of  younger  samples  varied  from 
40  to  450  kg  m  ;  it  went  to  500  kg  m  in  a  few 
of  the  older  samples  of  unknown  age. 

Density  was  computed  for  both  perpendicular 
and  horizontal  samples.  The  horizontal  samples 
were  usually  taken  very  near  the  midpoint  of  the 
perpendicular  samples.  A  "t"  test  applied  to  67 
pairs  of  density  samples  showed  no  significant  dif- 
ference   between   horizontal    and    vertical    samples: 

Horizontal     Vertical 
Average  density  (kg  m"    )  254  257 

Standard  deviation  -^0.088  +0.083 


Coefficient  of  variation  (percent)      34.8 


32. 


Density  sampling  gave  no  difficulties  except  on 
a  few  occasions  when  very  tough,  older  snow  was 
encountered  near  the  bottom  of  deep  pits.  In  such 
cases,  it  often  took  two  men  to  push  the  sample 
tube  into  the  snow,  and  once  or  twice  the  cutting 
edge    of    the    steel    tube    was    bent   by    ice  layers. 

A  scatter  diagram  of  density  (p)  versus  age  (t) 
showed  a  general  increase  in  density  with  age, 
with   the   greatest   increase  in  the  first  2  to  3  days 


-/profiles  of  all  pits  were  also  prepared , 
but  are  not  included  in  this  report.  Copies 
of  the  working  ^rersion  of  the  profiles  can  be 
obtained  by  request. 


(fig.  2).  It  also  showed  four  points  (morked  +)  with 
unusually  high  densities  for  their  age,  and  three 
others  (marked  A  )  with  densities  only  about  half 
those  expected.  This  confirmed  field  observations 
that  some  of  the  young  snow  layers  were  unusually 
hard  and  dense  for  their  age,  while  a  few  of  the 
older  layers  had  remained  remarkably  soft. 
The  regression  equation  is 

p  =  161  +  0.139  log   (t) 

r  =  0.61 

The  95  percent  continuous  confidence  interval 
for  this  regression  based  on  five  density  samples 
for  each  age,  is  delineated  by  dashed  lines  in  figure 
2.  Samples  above  the  upper  confidence  limit  are 
called  initial  hard  slab;  those  below  the  lower  limit 
are  called  persistent  soft  snow.  The  remainder  are 
called  typical  aged  snow. 

There  are  several  things  that  should  be  pointed 
out  about  the  designations  just  described.  First, 
the  statistical  approach  offers  a  convenient  and 
somewhat  objective  way  of  making  the  distinctions 


while  still  recognizing  the  continuous  nature  of  the 
density-age  relation.  Second,  the  decision  to  use 
the  density-age  relation  rather  than  strength  — age 
or  ram  resistance— age  was  arbitrary,  as  was  the 
choice  of  the  five-sample  continuous  confidence 
interval. 

The  use  of  the  term  initial  hard  slob  was  an 
attempt  to  distinguish  snow  that  develops  high 
density  and  strength  in  the  first  few  days  from  that 
which  has  had  several  weeks  or  a  month  to 
toughen.  The  current  definition  of  hard  slab  is 
based  solely  on  the  degree  of  cohesion  as  reflected 
in  the  shape  of  blocks  in  the  avalanche  debris, 
and  does  not  distinguish  between  1.5-  to  2-day-old 
initial  hard  slab  and  aged  snow  2  to  4  weeks  old. 
Typical  aged  snow  and  persistent  soft  snow  would 
be  called  soft  slab  by  the  average  field  man. 

Table  1  was  prepared  to  see  how  well  the  con- 
cept of  initial  hard  slab  based  on  density-age  rela- 
tions compared  to  the  type  of  avalanches  actually 
observed.  Most  of  the  avalanches  within  a  5-mile 
radius    of   the   study   area   that    ran   on   the  3  days 
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when  initial    hard   slab   was   observed  in  the  study 
pits  (March   5,    1966,    February    12,   1967,  and  Feb- 


Table  l.--Type  of  snow  found  in  snow  pits  and  type  of 
avalanches  observed  within  5  miles  of  the 
study  site  on  or  near  date  pit  was  dug 


Pit      Type  of  snow   Type  of  avalanches   Avalanche 
date        in  pit     Soft   Hard  date 

slab   slab   Loose 


1965 
28-29  Jan 


3-4   Feb 


15-16  Mar 


-  -  Number  -  - 

Typical  aged    4     0     0 

6     11 

Typical  aged    1     A     0 
0     2     0 

Typical  aged    10     0 
4     10 


1966 

5 

Mar 

Initial 
slab 

hard 

0 
0 

1 
2 

0 
0 

7 

Dec 

Persistent 
soft 

0 

5 

0 
0 

0 
0 

13 

Dec 

Persistent 
soft 

0 

0 

0 

1967 
3-4 

Jan 

Typical 

aged 

4 

0 
0 

0 

0 

6 

Jan 

Typical 

aged 

1 
1 

0 
0 

0 
0 

15 

Jan 

Typical 

aged 

3 

5 
2 

0 
0 
0 

0 
0 
0 

31 

Jan 

Typical 

aged 

0 

0 

0 

1 

Feb 

Typical 

aged 

0 

0 

3 

12 

Feb 

Initial 
slab 

hard 

2 

1 

3 
0 

0 
0 

7-8 

Dec 

Typical 

aged 

4 
3 

1 

0 

0 
0 

21 

Dec 

Typical 

aged 

1 
3 

0 
0 

0 
0 

1968 
17-19  Jan 

2     Feb 


20    Feb 
23    Feb 

29-30  Apr 
Total 


Typical  aged 

Initial  hard 
slab 

Typical  aged 

Persistent 
soft 


Typical  aged 


28 

Jan 

29 

Jan 

0 

Feb 

3 

Feb 

13 

Mar 

14 

Mar 

15 

Mar 

4 

Mar 

5 

Mar 

7 

Dec 

9 

Dec 

3 

Jan 

4 

Jan 

6 

Jan 

7 

Jan 

14 

Jan 

15 

Jan 

16 

Jan 

1  Feb 


11 

Feb 

13 

Feb 

7 

Dec 

9 

Dec 

21 

Dec 

22 

Dec 

13  Jan 

1  Feb 
3  Feb 

20  Feb 

22  Feb 

23  Feb 

24  Feb 

30  Apr 


ruary  2,  1968)  were  hard  slab  avalanches.  On  all 
other  study  days,  except  February  3-4,  1965,  soft 
slab  avalanches  predominated.  There  is  no  way 
to  be  sure  if  the  hard  slab  avalanches  of  February 
3-4,  1965  were  from  initial  hard  slab  or  from  older 
snow,  because  the  snow  at  the  study  site  in  the 
Lift  Gully  could  not  be  aged  accurately.  It  was 
impossible  to  determine  in  the  field  if  the  hard 
slab  avalanche  that  ran  down  the  Lift  Gully  on 
February  2,  1965  started  above  or  below  the  frac- 
ture line  of  the  soft  slab  avalanche  that  had  run 
in  the  same  area  on  January  28,  1965.  If  the 
February  avalanche  started  downhill  of  the  January 
fracture  line,  the  February  snow  would  have  been 
about  3  days  old  and  would  have  been  designated 
initial  hard  slab.  Since  we  couldn't  be  sure  of  this, 
however,  it  seemed  more  likely  the  snow  involved 
in  the  February  avalanche  was  at  least  6  days 
old,  and  should  be  called  typical  aged  snow. 

A  more  general,  season-long  comparison  of  the 
frequency  of  initial  hard  slab  and  the  occurrence 
of  hard  slab  avalanches  can  be  made  from  table  2. 
For  the  3-year  study  period,  1965-68,  initial  hard 
slab  was  found  in  15  percent  of  the  pits.  Yet  on  a 
dozen  or  moreavalanchepaths  immediately  adjacent 
to  the  study  site,  about  one-fourth  of  the  natural 
and  between  30  and  40  percent  of  the  artificially 
released  avalanches  were  of  the  hard  slab  variety. 
For  the  18-year  period,  1950-68,  the  proportion 
of  hard  slab  avalanches  in  the  grand  total  was 
30  percent,  or  about  double  the  frequency  of  initial 
hard  slab  conditions  observed  during  the  study. 
This  is  probably  due  to  the  high  proportion  of  arti- 
ficially released  avalanches  which,  because  of  the 
relatively  severe  trigger,  often  involve  layers  of 
older  snow. 


Table  2. --Slab  avalanches  in  or  near  the  Berthoud  Pass 

study  area 


Date  and 
type  of 
release 


Type  of  avalanche 


Soft  slab 


Hard  slab 


Total 
avalanches 


80 


16 


1950-68: 
Natural 
Artificial 
Total  or 
average 

1965-68: 
Natural 
Artificial 
Total  or 
average 


No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

66 

77 

20 

23 

86 

19 

255 

68 

120 

32 

375 

81 

321 

70 

140 

30 

461 

100 

30 

71 

12 

29 

42 

30 

59 

60 

40 

40 

99 

70 

89 


63 


52 


37 


141 


100 


If  there  is  any  justification  in  calling  the  Central 
Rocky  Mountains  "the  home  of  the  hard  slab  ava- 
lanche," it  is  not  just  because  of  initial  hard  slab, 
but  also  because,  in  this  area  of  low  to  moderate 
snowfall,  vigorous  explosive  control  and  natural 
triggers  often  released  older  snow  layers  that  have 
had  time  to  harden  and  toughen  in  place. 


Groin  Size  and  Type 

The  snow  in  the  various  layers  was  classified 
in  the  field  as  new  snow  (type  a),  settled  powder 
or  felted  snow  (type  b),  fine-grained  old  snow  (type 
d),  or  a  mixture  of  the  last  two  types  (fig.  3)  (inter- 
national Associationof  Hydrology  1954).  Experienced 


figtite  3.--Snon)  gficiin  typo,  and  islzt  .ittiutnjouttd  btj  pictuAdi   {^n.om 
cAijitctt  dcum/ia.   (iee  /j-tg.    5).     Gfi-id  in  background  Ls   1  mm. 


GfLoin  type:     a 

S-ize:      /   mm 

Age:     ^alLing  i>noM 

depth:     at  iiiA(^atQ. 

Venislty :     anknoMi 

Ram  n.u>iAitcincie:     anknoMi 

TenA-ile  itAength:     unknoivn 

Vate:     20   Feb  6S 


Gn.aA.n  type:     b 

S'ize:      1   mm 

Age;      7   -    1.5  dayi, 

Vepth:     2S  cm 

Veni-ity:     6S  kg  m' 

Ram  fie^i^tance:      1  kg 

Ten^iZe  i>Viength:     4.7S  gi 

Vote:     23  Feb  68 


-3 


cm' 


GucLin  type:     d 
S-ize:      0 .5  mm 
Age:      7  3  dayh 
depth:      S3   an 
Ven&lty:     326  kg  m'^ 
Ram  fiei-utance:     4S  kg 
Ten&ite  iViengtk:     S60  gi 
Vate:      37  Jan  67 


c/ri 


-2 


Gn.ain  type:     bd 
S-ize:      7.5  mm 
Age:      4  dayi, 
Veptli:      7  5   cm 
Venilty:     222  kg  m'^ 
Ram  fieii-Lfitance:      7   fcg 
Temlle  6tAengtk:     118 
Vote:     30  Kpn  68 


cm 
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observers  were  consistent  in  their  identification  of 
snow  type,  although  we  suspected  that,  rather  than 
relying  completely  on  the  physical  appearance  of 
the  grains,  they  were  subconsciously  integrating  into 
their  determinations  such  things  as  past  weather, 
depth  within  the  pack,  relative  age,  hardness,  and 
density. 

As  expected,  fine-grained  old  snow  (type  d) 
had  greater  strength,  density,  and  hardness  than 
felted  snow  (type  b).  The  bd  mixture  was  inter- 
mediate in  these  features.  Initial  hard  slab  was 
fine  grained  and  had  high  strength  and  hardness 
at  an  early  age  (fig.  4). 

Most  of  the  snow  grains  were  between  0.4  and 
0.7  mm  in  diameter.  The  new  snow  tended  to  be 
larger  grained,  especially  when  it  fell  with  little 
or  no  wind.  The  nature  of  the  study  did  not  require 
sampling  the  coarse-grained  lower  layers,  where  more 
active  metamorphism  had  been  in  progress  longer. 
Grain  size  in  these  lower  layers,  however,  is  known 
to  range  from  1  to  3  mm  with  a  few  grains  in 
favorable  situations  as  large  as  5  to  7  mm. 

Snow  grains  from  the  tensile  strength  samples 
were  photographed  in  the  cold  room  with  a  35  mm 
camera  equipped  with  extension  tubes  and  an  elec- 
tronic flash  (fig.  5).  This  procedure  was  fast  and 
gave  a  life-size  image  on  the  negative  which  could 
be  enlarged  many  times  by  standard  darkroom 
techniques  for  detailed  subsequent  examination. 
Examination  of  many  such  pictures  indicated  that  a 
better  classification  scheme  was  needed  for  snow 
on  the  ground.  Since  the  completion  of  this  study, 
such  a  classification  based  on  the  physical  processes 
causing  the  change  and  on  modern  crystallographic 
concepts  has  been  published  by  Sommerfeld  and 
LaChapelle(1970). 

Strength 

Fresh  snow  is  usually  so  soft  and  poorly  bonded, 
and  so  subject  to  changes  with  temperatures  and 
time,  that  classic  strength  tests  such  as  unconfined 
compression  and  simple  tensile  are  difficult  to  per- 
form, 'n  their  place,  a  series  of  field  and  laboratory 
tests  have  been  devised  that  at  least  give  indexes 
of  strength  (Boder  et  al.  1951,  de  Quervain  1951, 
Peria  1969). 

The  centrifugal  or  spin  tester  illustrated  in  figure 
6  was  used  to  measure  tensile  strength.  A  cylin- 
drical sample  of  snow  was  taken  parallel  to  the 
layering  in  a  500  cm     sample  tube.   The  field  sam- 
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Vi.QuJit  4. '-Snow  gxcilni    {^fiom  Initial.  koAd  6lab. 
V^mity  448  kgm~^;   age  3  day6;  ttn^-ilt 
itn.Q.ng-tk  635  g (J  an''^ ;   ficun  fLUlitanc.2.   100  kg. 
Background  gnA.d  1  mm. 


pie  was  then  taken  to  an  unheated  hut  and  trans- 
ferred to  a  similar  tube  mounted  on  top  of  the 
tester  by  placing  the  two  tubes  end  to  end  and 
pushing  the  snow  from  one  to  the  other  with  a 
wooden  ram.  Care  was  needed  in  transferring 
samples  of  very  porous  snow,  but  samples  with 
densities  as  low  as  40  kg  m  were  successfully 
tested.  A  yoke  that  fits  into  grooves  in  the  tube 
restrained  the  sample  in  the  middle  and  reduced 
its  cross-sectional  area.  The  sample  was  then  spun 
horizontally,  by  means  of  a  variable-speed  electric 
motor.      Speed   was  increased  two  to  three  revolu- 

—2  —  1 

tions  per  second,  or  about  50  to  75  gf  cm  sec  for 
a  sample  of  250  kg  m~    density.'^ 

Grams     force     is     abbreviated     as  gf     in 
this  paper.      1   gf  =    .0098  Newton 


f-igiiAd  5.--C^tjytal  cmdACL  and  box 
EUcJyvLaal  plug  .U   ion.  ^la^k 
unit  wl'Uch  opeAate^   {^nom 
tint  pow^A  on.  ntckcutQu- 
ablo.  battejUeA. 
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A,   Box  closed  (^on  u^e. 
Cniji^tatt  OAQ.  placQ.d  on 
gfild,  wk-Lch  li  then  pai/ied 
undtn  thz  leni .  i 


6,    Box.  open  to  ihou)  e£ec- 
tiotUc  ilcii,h,   iltten,  dl^- 
(jaici,   cameAa  len6 ,  and 
QLiidn  tnack  ^on  gnid. 


F-cgu/ie  6.--Ce»tt^augae  oA. 
^px^n  teitcA  cLied  to 
me(X6uAe  tei^i-cXe  it^ecigt/i: 

A,  T>ian^i<iAnx.nQ  i,cmplt 
(^nom  tabz  to  tutdA; 

B,  Placing  .iqj>  training 
yokt  in  position; 

C,  Skltld  In  plact  pnloK 
to  teyi>t. 


Strength  was  computed  from  the  angular  momen- 
tum at  the  time  of  failure  (Bader  et  al.  1  951 ,  p.  11). 
The  sample  usually  failed  in  the  middle  where  the 
cross-sectional  area  was  reduced  by  the  restraining 
yoke.  On  a  few  occasions,  however,  there  were 
flaws  in  the  sample  that  caused  failure  near  one 
end.  In  these  cases,  the  data  were  not  used.  In 
general,  this  test  offered  relatively  few  problems- 
most  of  which  were  easy  to  detect— and  the  results 


were  felt  to  be  the  best  of  the  several  strength 
tests. 

Tensile  strength  of  snow  14  days  old,  or 
younger,  as  measured  with  the  spin  tester,  varied 
from    1.0    to    1712   gf  cm  The   maximum  value 

was  21  00  gf  cm  for  a  26-day-old  sample  measured 
on  January  18,  1968.  Strength  increased  rapidly 
with  density  (fig.  7),  but  a  fourfold  range  of  strength 
for  a  given  density  was  common. 
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There  was  a  tendency  for  the  younger  snow  of 
a  given  density  to  be  weaker  than  the  older  snow 
of  the  same  density,  especially  for  densities  of 
200  kg  m~  and  higher.  Initial  hard  slab  shows 
up  in  figure  7  as  relatively  weak,  young  snow  of 
high  density.  For  example,  our  data  indicate  snow 
with  0  density  of  350  kg  m  should  have  a  tensile 
strength  of  600  to  700  gf  cm  rather  than  the 
300  gf  cm"  strength  measured  on  March  5,  1966 
in  2-day-old  initial  hard  slab. 

The  slopes  of  the  regressions  of  tensile  strength 
versus  density  appear  the  same  for  these  data 
and  those  of  de  Quervain  (1951),  Roch  (1966), 
Keeier  and  Weeks  (1967),  and  Keeler  (1968)  (fig.  8). 
There  is  some  displacement  of  the  regressions,  how- 
ever, with  the  old,  fine-grained  snow  of  Keeler 
and  Weeks  (1967)  being  the  strongest,  and  the 
fresh,  fine-grained  snow  of  Roch  (1966)  being  the 
weakest  for  a  given  density. 

In  a  series  of  controlled-temperature  experi- 
ments, Roch  (1966)  showed  an  increase  of  tensile 
strength  with  a  decrease  in  temperature.  This 
amounted  to  about  doubling  the  strength  as  tem- 
perature dropped  from  -2°  to  -40°  C.  Although 
no  such  trend  could  be  detected  in  our  field 
samples,  which  were  mostly  between  -5°  and 
-15°  C,  this  should  not  be  construed  as  contra- 
dictory evidence  because  our  study  was  not  designed 
to  relate  strength  to  temperature. 

Two  indexes  of  shear  strength  were  measured. 
In  the  torque  vane  test,  a  cross-shaped  vane  was 
pushed  from  above  to  the  desired  depth  in  the  snow 
and  turned  with  a  torque  wrench  (Mellor  1969, 
Radforth  and  Rush  1964,  p.  17).  This  type  of  in  situ 
test  is  widely  used  in  soils  work  where  it  has  proven 
to  be  well  correlated  with  laboratory  tests  of 
strength  (Hamilton  1959). 

Torque  vane  shear  strength  was  computed  on 
the  basis  of  the  cylinder  generated  by  the  rotation 
of  the  vane.  Although  this  was  the  fastest  and 
easiest  of  the  strength  indexes  to  measure  in  the 
field,  the  tendency  for  the  snow  to  fail  in  a  "stick- 
slip"  manner  caused  difficulties.  Apparently  what 
happens  is  that  the  snow  just  ahead  of  the  vanes 
compacts  when  force  is  first  applied,  causing  initial 
failure.  As  more  force  is  applied,  the  cylinder 
of  disturbed  snow  breaks  free  of  its  surroundings 
in  ultimate  failure.  For  our  purposes,  the  force 
needed  to  cause  ultimate  failure  was  used  to  deter- 
mine what  we  call  torque  vane  strength.  This  value 
corresponds    to    the   strongest   snow   in   a   layer   as 


thick  as  the  vane  is  long.  For  all  but  the  toughest 
snow,  we  used  a  vane  3  inches  long  by  1.5  inches 
wide.  In  tough  snow,  a  smaller  vane,  2  x  1  inch, 
was  used.  Neither  was  satisfactory  for  new  snow 
when  densities  were  1  00  kg  m~  or  less.  The  torque 
vane  was  loaded  at  a  rate  of  about  30°  per  second, 
and  failure  usually  occurred  in  the  first  1  to  1 .5 
seconds. 

The  correlation  between  tensile  and  torque  vane 
strengths  is  good  (fig.  9).  The  general  trend,  how- 
ever, is  much  closer  to  1:1  than  it  is  to  the  10:1 
ratio  found  by  Keeler  and  Weeks  (1  968). 

The  plot  of  torque  vane  strength  as  a  function 
of  age  shows  too  much  scatter  to  be  helpful. 

The  second  index  of  shear  strength  was  deter- 
mined with  a  spring  balance  and  a  small  metal 
frame,  100  cm  in  area,  which  was  slightly  broader 
in  front  than  back  (de  Quervain  1951 ,  Mellor  1969). 
The  frame  was  pushed  into  the  snow  from  above. 
Snow  in  front  of  it  was  cleared  away,  and  the 
spring  balance,  attached  to  a  hook  on  the  frame, 
was  pulled  with  a  steady  motion  parallel  to  the 
top  and  bottom  planes  of  the  frame.  This  technique 
gave  best  results  when  the  bottom  of  the  frame 
was  at  the  center  of  a  uniform  layer  of  weak  snow, 
or  at  the  boundary  between  two  distinct  layers. 
In  the  first  case,  the  strength  of  the  layer  was 
measured;  in  the  second,  the  strength  of  the  bond 
between  layers.  Most  of  the  readings  reported 
here  were  made  in  the  middle  of  layers  rather 
than  at  layer  boundaries.  Data  from  this  device 
are  referred  to  hereafter  as  shear  frame  strengths. 

Several  difficulties  were  encountered  while  using 
the  shear  frame.  In  cases  where  a  tough  snow 
layer  lay  on  top  of  a  softer  one,  it  was  necessary 
to  cut  the  tough  snow  with  a  knife  and  insert  the 
frame  in  the  cuts  to  avoid  collapsing  the  softer 
layer  or  shattering  the  tough,  brittle  layer  when 
inserting  the  frame.  This  procedure  was  also  neces- 
sary for  soft  feltlike  snow,  which  deforms  under 
the  weight  of  the  frame.  In  other  cases,  deep, 
uniform  layers  of  tough  snow  often  fail  along  a 
curved  rather  than  a  plane  surface. 

Shear  frame  strength  was  appreciably  less  than 
any  other  strength  index.  This  may,  in  part,  reflect 
the  tendency  for  some  snows  to  fracture  when  the 
frame  is  inserted  unless  knife  cuts  are  made.  Keeler 
and  Weeks  (1967)  found  torque  vane  and  shear 
frame  strengths  to  be  equal.  We  found  them  to 
be  equal  only  for  very  weak  snow  (<  1 0  gf  crn  , 
fig.  10);  at  higher  strengths,  torque  vane  strengths 
were  3  to  4  times  shear  frame  strengths. 


-    11   - 


2000 


1000    - 


500    - 


E 
u 


b     100 


I      50 

CO 


e 
o> 

o 

w 

> 
< 


o-|  =  27.30  exp    - 


o 


o     o 


'Oil  I 

0(6     0/  / 

/  /  / 

/i  r/ 

Q   \     /  -\-  Initial  hard  slab 

o    Typical  aged  snow 
A   Persistent  soft  snow 


10 


+  A  O 


—  Goo  fid  Lake,  Montana   [KdzleJi  and  Weefei    J96S) 

—  Mta,   Utah    [Kdatdi  196S] 

—   Ettipfid  afioand  two  6et5   0(j  5(406  6   data    [Rock   T966, 
de  QueAvaJ^n   /  9  5  / ) 

Aue^age  oj^   23  icmple,i    {^fiom  Swltztfttand    {Backe^L   1956] 

Colonado,    cold  aZpint  4  now)  <_  14  datji   old    {Maitlntlti , 
pftU>(Lnt  ■itudij] 


_L 


100  200  300  400 

Average  snow  density  (kg  m"'  ) 


500 


figure  S.--\vdKag(i  tdnitle  itfidngth  ai   mea6a'ie(i  by  ipin  tuttt  uetiai   dtniltij. 


12 


1000 


500    - 


c       50    - 


F-tguAe  9.--Ten6i£e  ityt^ngtk  ai  a  function 
Of)  to>iqu^  vam  ifiengtk. 


+    Initial  hard  slab 
o     Typical  aged  snow 
A     Persistent  soft  snow 


J 1 1 I I    I   I 


J I I I    I   I 


10 


50  100 

Torque  vane  strength  (gf    cnn"^) 


500 


1000 


300 


log  (shear)  =  0  1626  +0.7188    log  (torque) 
r=0,88 


100 


50 


Ftgtx'ie.   10 .--SktoA  ^larm  i,tAengtli  cu,  a  (juiictccm 
o{)  toKqut  vam  itAzngtIi. 


+    Initial  hard  slab 
o     Typical  aged  snow 
A     Persistent  soft  snow 


J I    I    I    I 


J I 1 I 1 III! 


J I         I       I      I     I    I    I    I 


50  100 

Torque  vane  strength  (gf   cm"^) 


500 


1000 


13 


The  regression  between  tensile  and  shear  frame 
strengths  (fig.  11)  seems  to  have  a  time  or  age 
dependency  (fig.  12).  For  example,  tensile  strength 
is  about  three  times  shear  frame  strength  for  snow 
2  to  3  days  old,  but  it  is  5.5  to  6  times  shear  frame 

2000 


1000 


strength  for  snow  10  days  old.  There  is  also  a 
variation  with  the  strength  of  the  snow.  Tensile 
strength  is  5  or  6  times  shear  strength  for  strong 
snow,  but  less  than  twice  shear  frame  strength 
for  weak  snow  (fig.  1  3). 
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Roch  (1966)  also  showed  that  the  relationship 
between  shear  and  tensile  strengths  (as  measured 
by  the  shear  frame  and  spin  tester)  varies  greatly 
for  strong  and  weak  layers.  He  reported  tensile 
strength  to  be  about  5  times  shear  strength  in 
strong  layers,  but  no  greater  than  twice  shear 
strength    for    weak    layers.      Keeler   (1968),    on    the 


other  hand,  reported  tensile  strength  to  be  6  to 
6.5  times  shear  strength  for  snow  at  Alta,  Utah, 
and  Goose  Lake,  Montana,  without  qualifications 
or  reservations. 

All  strength  measures  showed  the  expected  in- 
crease as  grain  type  changed  from  settled  powder 
(type   b)    to   fine-grained   old    snow  (type  d).     There 
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was  also  a  rapid  increase  in  oil  strengths  as  density 
increased.  The  apparent  increase  in  strength  with 
age  may  be  only  a  reflection  of  the  strong  depend- 
ency between  density  and  age,  but  it  is  more  likely 
to  be  a  function  of  the  number  and  strength  of 
the  grain-to-grain  bonds. 


Rom  Resistance 

The  technique  for  determining  the  hardness  pro- 
file of  a  snow  cover  with  an  impact  penetrometer 
was  first  described  by  fHaefeii  (1954),  and  has  been 
widely  used  since  (Mellor  1969).  A  sectional  rod 
with  a  60°  conical  tip,  4  cm  in  diameter,  is  driven 
into  the  snow  by  a  falling  weight.  Ram  resistance 
is  one  of  the  easiest  snow  properties  to  measure 
in  the  field  because  no  pit  is  needed.  Data  pre- 
sented   here    were    computed    from    the   equation: 


+   W; 


Wjhx 


R  =  ram  resistance  (kg) 

w,  =  total  weight  of  hammer  pluspenetrometer  (kg) 

w.  =  weight  of  hammer  (kg) 

h  =  height  from   which    hammer  is  dropped  (cm) 

X  =  number  of  drops 

4E  =  penetration  of  point  for  x  blows  (cm) 

No  correction  was  made  for  the  energy  of  im- 
pact or  coefficient  of  restitution  as  mentioned  by 
Haefeli  (1954,  p.  128)  and  Waterhouse  (1966).  Al- 
though these  corrections  may  be  appreciable  under 
certain  conditions,  they  have  usually  been  ignored; 
hence  uncorrected  data  are  easier  to  compare  with 
those  already  published. 

Ram  resistance  and  density  were  available  not 
only  from  the  alpine  study  site  (called  the  Roll), 
but  also  from  a  nearby  small  opening  in  the  timber 
(called  Q-12  Park). 

A  least  squares  fit  of  the  form 

log  R  =  a  -t-  bp 


R   =    ram  resistance  in  kg 

p  =   density  in  kg  m 
was  computed  for  both  sets  of  data  excluding  depth 
hoar,  isothermal  snow,  and  ram  numbers  of  1.    The 


results  confirm  the  positive  correlation  between 
ram  number  and  density  (fig.  14)  previously  re- 
ported for  polar  snow  by  Bull  (1956)  and  for  sea- 
sonal snows  by  Keeler  and  Weeks  (1967,  1968). 
Table  3  shows  a  reasonably  good  agreement  for 
all  the  data  except  that  from  Q-12  Park.  Density 
is  not  so  well  correlated  with  ram  number  at  Q-12 
Park  as  at  the  other  sites,  nor  does  the  ram  resist- 
ance increase  as  much  per  unit  increase  in  density. 
The  lower  strength  at  Q-1  2  Park  is  attributed  to  pro- 
tection from  the  wind.  All  the  other  sites  in  table 
3  were  considerably  more  exposed  than  Q-1  2  Park. 
For  prediction  of  density,  the  regression  for 
the  14-day  and  younger  cold  snow  from  the  Roll 
would  be 


P=    131.0+  130  log  R, 

that  for  cold  snow  no  more  than   1  month  old  from 
the  sheltered  Q-1  2  Park  would  be 


P  =   209  +  86  log  R, 

and    for    cold    snow    in   Q-12    Park    no    more  than  4 
months  old,  it  would  be 

p  =  213+  108  log  R 

A  covariance  analysis  of  the  Roll  (112  points) 
and  the  1  month  and  younger  data  from  Q-1  2  Park 
(64  points)  indicated  the  intercepts  were  significantly 
different  at  the  1  percent  level,  and  the  regression 
coefficients  were  significantly  different  at  the  5  but 
not  at  the  1  percent  level. 

This  analysis  also  showed  that,  for  a  given  ram 
resistance,  alpine  snow  had  a  lower  density  than 
snow  from  a  sheltered  opening,  especially  for  ram 
numbers  below  about  15  kg.  Thus  alpine  snow 
appears  to  be  stronger  for  a  given  density  than 
snow  from  a  sheltered  opening— provided  one  ac- 
cepts ram  resistance  as  an  index  of  strength. 

Although  the  exact  relationship  between  strength 
and  ram  resistance  is  not  known  (de  Quervain 
1951),  figure  15  illustrates  the  good  correlation  be- 
tween ram  resistance  and  tensile  strength.  This 
relation  can  be  improved  by  making  allowances  for 
the  age  of  the  snow.  For  ram  resistance  between 
5  and  30  kg,  the  tensile  strength  of  snow  4  days 
old  and  older  is  1.5  times  that  of  younger  snow 
with  the  same  ram  resistance. 
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Table    3. --Summary   of    regression   and    correlation    coefficients    for 
several   sets    of   data    fitted    to    the    regression 

log   R  =   a  +  bp 


Correlation 

Age  of 

Density 

Source 

a 

b 

coefficient 
(r) 

snow 

range 

,   -3 
kg  m 

Bull  (1956) 

-0.6107 

0.00531 

0.80 

Keeler  &  Weeks 

-  .8446 

.00640 

.94 

<4  months 

100  -  510 

(1967) 

Keeler    (1968)  -    .7482 

This    Study: 

Roll  -    .428 

Q-12   Park  -    .305 

Q-12   Park  -    .463 


.00599 


.89 


.00543 

.84 

.00343 

.54 

.00421 

.68 

<4  months  150  -  430 

<_14  days  40  -  450 

^1  month  100  -  390 

<4  months  100  -  430 
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log  (tensile)  =  1.69317  +  0.65818  log  (ram) 
r=0.93  age  >  4  days 


log  (tensile)  =  l. 45416  +  0.78109  log  (ram) 
r=0.9l  all  data 
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Although  our  data  do  not  justify  further  refine- 
ment of  the  ram  resistance-time  relationship,  Hobbs 
(1965)  found  a  linear  log-log  relation  between  ram 
resistance  and  time  for  artificially  compacted  snow, 
using  data  from  Wuori  (1963). 

These  discussions  of  ram  resistance  versus 
strength  have  been  confined  to  tensile  strength 
for  the  sake  of  brevity.  Torque  vane  and  shear 
frame  strength  follow  the  same  general  patterns, 
but  with  more  scatter. 

Any  consideration  of  ram  resistance  is  handi- 
capped by  the  lack  of  sensitivity  at  low  ram  re- 
sistances. Ram  resistances  below  1  kg  cannot  be 
measured  with  existing  instruments,  and  readings 
below  3  to  5  kg  are  not  very  accurate.  A  light- 
weight rammsonde  with  the  same  geometry  as  the 
original  instrument  but  capable  of  readings  as  low 
as  0.1  kg  is  now  being  field  tested  by  the  U.S. 
Forest  Service  (Peria  1969).  It  should  be  very  use- 
ful in  soft,  fresh  snow. 

Air  Permeability 

The  coefficient  of  air  permeability  (K)  reported 
here  is  defined  by  the  equation 


■^     AaP 


wriere 
Q=   volume  of  air  (cm     sec    ) 
L    =    length    of    snow    sample    in    the   direction    of 

airflow  (cm) 
A  =   area  of   snow   sample   perpendicular  to  flow 

direction  (cm    ) 
AP   =   pressure  differential  (cm  of  water) 
v    =   airflow  velocity  =  Q/A  (cm  sec"' ) 
i     =   pressure  gradient  =  AP  (cm  of  water  per  cm 

of  length  of  sample)    ^ 

The  units  of  K  are  cm  sec  (cm  of  water)  . 
Some  authors  have  erroneously  canceled  cm  with 
(cm  of  water)  and  reported  K  in  units  of  cm  see"  . 
For  comparative  purposes,  however,  the  numerical 
values  of  the  K  presented  here  can  be  compared 
directly  to  those  reported  as  cm  sec  .  Our  data 
were  not  corrected  for  the  deviation  of  temperature 
from  0°  C,  nor  were  they  adjusted  back  to  sea 
level  elevation. 

The  following  test  procedure  was  used  to  deter- 
mine air  permeability  and  change  of  permeability 
upon  compaction  of  the  snow: 


1.  A  sample  tube  with  the  undisturbed  snow  still 
in  it  was  placed  in  a  holder  that  formed  an 
airtight    seal    around    the   outside   of   the    tube. 

2.  A  vacuum  pump  created  a  pressure  differential 
that  pulled  air  through  the  sample. 

3.  Three  flow  rates  and  corresponding  pressure 
drops  were  recorded  for  each  sample. 

4.  Permeability  was  computed  for  these  three  sets 
of  data. 

5.  The  sample  tube  was  removed  from  the  holder, 
a  rubber  cap  placed  over  one  end,  and  the  snow 
was  compacted  with  a  wooden  ram. 

6.  The  cap  was  removed  from  the  tube,  which  was 
put  back  into  the  holder  and  subjected  to  a 
pressure  differential. 

7.  Pressure  drop  and  airflow  through  thecompacted 
sample  were  recorded. 

8.  A  new  permeability  was  computed  for  the  com- 
pacted sample. 

9.  Steps  5,  6,  7,  and  8  were  repeated  for  five 
compactions. 

10.  A  graph  of  the  ratio  of  permeability  to  porosity 
(^)  as  a  function  of  permeability  (K)  was  plotted 
for  each  sample. 

One  of  the  three  airflow  rates  used  in  step  3 
(usually  the  highest)  was  used  in  steps  6  and  9. 
Sample  tubes  were  the  standard  SIPRE  density 
samplers.  Pressure  differential  was  measured  on  a 
differential  capacitance  meter  with  a  range  of  0.001 
to  30.0  mm  of  mercury.  Airflow  was  measured 
by  a  floating  sphere,  three-flat-faces  type  flowmeter 
with  a  range  of  0.009  to  0.03  cm  sec'  at  1  1,300 
feet  elevation . 

Airflow  velocities(v)  were  between  0.001  and 
0.021  cm  sec"  ,  and  pressure  gradients  (i)  were 
mostly  between  0.02  x  10'^  and  20.0  x  10"^  cm 
water/cm  length  of  sample.  These  were  kept  sev- 
eral orders  of  magnitude  lower  than  thosecommonly 
used  (Bader  1954,  Bender  1957,  Ishida  and  Shimizu 
1958,  Ramseier  1963)  to  assure  flow  in  the 
"laminar"  range.  Because  of  the  lower  velocities 
and  pressure  gradients,  however,  other  problems, 
presumably  associated  with  lowflows  through  porous 
media,  were  encountered. 

This  technique  was  tedious,  and  the  compaction 
in  step  5  certainly  changed  the  structure  of  the  snow 
in  a  far  different  manner  than  the  change  produced 
by  tapping  or  shaking  a  noncohesive  granular  ma- 
terial like  sand  or  gravel.  In  spite  of  these  diffi- 
culties, duplicate  samples  of  a  pair  usually  gave 
consistent  results. 
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The  coefficient  of  air  permeability  was  fourid 
to  vary  with  pressure  differential  and  flow  rate, 
although  the  velocities  were  well  below  the  "tur- 
bulent" range; 


Change  in  permeability  as 
flow  rate  was  increased 


Percentage  of 
total  samples 

42 

30 


Remained  the  same 

Increased 

Decreased  8 

Decreased,  then  increased  10 

Other  10 

These  changes  in  permeability  with  flow  rate  were 
determined  on  61  samples  of  alpine  snow  514  days 
old.  Instrumentation  error  in  determining  perme- 
ability was  approximately  15  percent. 

There  was  no  unique  permeability;  one  of  the 
three  values  computed  in  step  4  was  selected  to 
describe  the  sample.  The  permeability  correspond- 
ing to  the  airflow  rate  used  in  steps  7  and  9,  usual- 
ly the  highest  applied  to  the  undisturbed  sample, 
is  the  one  reported  here. 

For  snow  2  weeks  or  less  in  age,  the  coefficient 
of  air  permeability  (K)  varied  from  7.5  to  313  cm 
sec"  (cm  of  water)"  .  About  70  percent  of  the 
samples  had  permeabilities  between  10  and  30 
cm  sec"  (cm  of  water)"  .  The  relatively  few  sam- 
ples older  than  2  weeks  or  of  unknown  age  had 
K's  between  15  and  48  cm  sec"  (cm  of  water)"'. 
These  values  are  about  one  order  of  magnitude 
lower  than  those  often  quoted  for  air  velocities 
up  to  5  to  1  0  cm  sec"  . 

The  low  permeability  values  and  the  variation 
of  permeability  with  flow  rate  may  both  result  from 
the  low  flow  rates  used.  Although  much  is  written 
about  avoiding  high  flow  rates  and  the  resulting 
"turbulent  flow,"  little  mention  is  made  of  the  prob- 
lems associated  with  low  flow  rates  in  granular 
materials  except  when  pore  spaces  in  the  material 
approach  the  mean  free  path  of  air  molecules 
(Scheidegger  1960). 

Recently,  Langfelder  and  coworkers  (1968)  re- 
ported soils  studies  where  permeability  increased 
with  an  increase  in  pressure  gradient.  They  also 
showed  a  nonlinear  relation  between  flow  rates 
and  pressure  gradient  for  clay  soils  when  flow  rates 
were  not  much  greater  than  ours.  The  threshold 
gradient  for  nonlinearity  was  different  for  different 
soils.  If  a  similar  shifting  threshold  gradient  can 
be  found  for  cold  snow,  the  magnitude  of  the 
threshold  may  be  more  indicative  of  snow  structure 


than  such  things  as  simple  air  permeability  upon 
compaction.  Such  a  discovery  would  also  help 
explain  the  phenomena,  since  several  of  the  pos- 
sible explanations  offered  by  Langfelder  and  co- 
workers (1968)  were  based  upon  the  presence  of 
free  water  in  the  sample,  which  would  not  be 
present  in  cold  snow. 

Figure  16,  which  follows  the  example  of  Ishida 
and  Shimizu  (1958),  shows  permeability  is  not  a 
well-defined  function  of  density  and  grain  type. 
Even  within  a  grain  type,  the  variation  in  perme- 
ability with  density  is  so  large  as  to  make  the 
relationship  valueless.  The  slightly  metamorphosed, 
type  b,  snow  had  the  greatest  range  of  perme- 
ability. Low  permeabilities  with  moderate  to  high 
densities  were  typical  of  the  fine-grained  old  snow 
(type  d),  while  coarser-grained  old  snow  (e  or  d) 
had  moderate  to  high  (30-110  cm  sec  (cm 
of  water)"')  permeability  with  high  density  (300-500 
kg  m"  ).  The  bd  mixture  resembled  type  b  snow 
more  than  type  d  in  permeability  and  density. 

The  permeabilities  found  in  this  study  fall  into 
the  lower  edge  or  below  the  diagrams  of  perme- 
ability as  a  function  of  porosity  given  by  Bader 
(1954,  1962)  and  Keeler  (1968)  (fig.  17).  Our  initial 
hard  slab  had  not  only  lower  permeability  but  also 
lower  porosity  (higher  density)  than  the  wind  slab 
indicated  by  previous  workers. 

The  most  common  analysis  of  air  permeability 
for  snow  is  based  on  the  empirical  expression  of 
permeability  (K)  as  a  function  of  porosity  (n)  de- 
veloped by  Bader  (1954,  1962'  and  later  used  by 
Bender  (1957)  and  Ramseier  ( 1  963). 


anN         K  ^  1  ^ 

ITF  °^  n  =  ^  ^  N  ^ 


The  constants  N  and  a  are  determined  graphically 
by  plotting  K/n  against  K  for  several  porosities 
obtained  by  compacting  each  sample.  ^  is  the 
slope  and  a  is  the  K/n  axis  intercept  for  the  linear 
part  of  the  line. 

N  is  called  virtual  porosity  and  is  usually  inter- 
preted as  the  loosest  possible  packing  for  the  tex- 
ture. The  ratio  N/n  is  reported  to  be  1 .063  (Bender 
1957)  to  1.058  (Bader  1954)  for  normal  metamor- 
phosed snow,  and  to  approach  1.1  (Bader  1954) 
to  1.2  (Bender  1957)  for  wind-packed  snow.  With 
time,  metamorphism  is  said  to  change  the  wind- 
packed   ratio  back  to  the  "normal"  ratio.     The  con- 


-   20 


500 


100  200  300  400 

Density  (kg  m"') 


500 


Flga'ie   H . - -P tK.mzab Ltitij  to  ctin.  cu,   a  (^unction  o^  deniLttj  wltli  giaui   ttjpe.i   dctinentad. 


stant   "a"    depends    mostly    on    grain    size.      Bender 
(1957)  suggests  the  relation  is  approximately 


16. 8d 


1  .63 


(3) 


where  d  is  grain  diameter  in  mm. 

The  overall  average  of  N/n  for  our  data  was 
1 .0554  for  samples  1  4  days  or  younger  and  1 .061  7 
for  all  samples  (tables  4  and  5).  These  agree  well 
with  the  "normal"  ratios  of  1.063  and  1.058  re- 
ported earlier.  The  averages  for  initial  hard  slab, 
typical    aged    snow,    and    persistent  soft  snow  were 


1.08,  1.03,  and  1.02,  respectively  (see  table  6). 
These  agree  in  principle,  if  not  in  absolute  values, 
with  the  idea  of  larger  ratios  reflecting  greater 
wind  action. 

Virtual  porosity  varied  from  0.943  for  very  weak 
new  snow  to  0.444  for  heavily  metamorphosed 
old  snow.  Bender  (1957)  reports  values  from  0.92 
to  less  than  0.50. 

The  above  analyses  were  interesting  for  com- 
parative purposes,  but  were  of  litt I e  diagnostic  value. 
Several  additional  analyses  were  tried  to  see  if 
more  helpful  relationships  could  be  found. 
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Table  4 Average  N/n  for  snow  14  days  old  or  younger,  by 

sampling  dates,  where  N  =  virtual  porosity  and 
n  =  actual  porosity 


Number 

Number 

Sampling 

N/n 

of 

Sampling 

N/n 

of 

date 

samples 

date 

samples 

20  Feb  68-'' 

1 

0155 

13  Dec  66-^ 

1 

0199 

3-4  Jan  67- 

1 

0212 

15  Jan  67 

1 

0375 

2  Feb  68-'' 

1 

0381 

28-29  Jan  65   1.0428 

29-30  Apr  68   1.0454 
,1/ 


31  Jan  67- 


1.0514 


6  J  an  67 

0551 

4 

23  Feb  68 

0558 

8 

1  Feb  6  7 

0600 

6 

12  Feb  67 

0646 

10 

3-4  Feb  65 

0742 

6 

17  Jan  68 

1657 

2 

Average  or 

total 

1 

.0554 

60 

Additional  samples  less  than  1.0: 
1/ 

II 


1/ 

—     one . 


three . 


Table    5. — Average   N/n   by    age    of    snow    for   all 
data,    where    N  =   virtual    porosity 
and   n   =    actual   porosity 


Snow  age 

N/n 

Number 

of 
samples 

(Days) 

Average 

Maximum 

Minimum 

0-3 

1.0420 

1.1176 

1.0000 

i/24 

4-7 

1.0556 

1.0957 

1.0066 

2/21 

8-14 

1.0767 

1.2245 

1.0083 

3/15 

>15  (or 
unknown) 

1.0713 

1.2438 

1.0035 

1/39 

Overall 
average 

1.0617 

99 

Additional  sampl 

es  less  th 

an  1.0: 

i'two. 

^'four. 

3/„„« 

In  the  first  analysis,  tensile  strength  was  plotted 
against  density  with  permeability  classes  indicated. 
This  added  nothing  to  the  previous  plot  of  tensile 
strength  against  density.  However,  a  rearrangement 
of  the  same  three  variables  to  show  permeability 
as  a  function  of  density  with  tensile  strengths  identi- 
fied   showed    a    very    interesting    pattern   (fig.    18). 


The  use  of  permeability  helped  to  clarify  some 
of  the  scatter  in  the  strength-density  relation.  For 
any  given  snow  density  there  is  apparently  some 
intermediate  permeability  above  and  below  which 
strength  decreases.  The  axis  of  this  "optimum  per- 
meability" sloped  down  and  to  the  right,  indicating 
lower  optimum  permeabilities  for  higher  densities. 
To  a  large  extent  this  axis  also  separated  the  older 
from  the  younger  snow.  Since  permeability  is  usu- 
ally considered  an  index  of  snow  texture,  figure  18 
suggests  that  'he  strength  of  snow  of  a  given 
density  is  greater  for  a  certain  textural  arrangement 
than  for  any  other.  One  explanation  of  the  rela- 
tionships shown  in  figure  18  hinges  on  the  fact  that 
snow  of  a  given  density  can  vary  greatly  in  texture, 
which  is  generally  defined  as  the  spatial  arrangement 
of  grain  centers  and  intergronular  voids.  A  highly 
uniform  texture  with  good  grain-to-grain  bonding  and 
small,  well-distributed  flaws  will  have  the  maximum 
strength  and  intermediate  permeability  found  along 
the  axis  of  "optimum  permeability."  A  change  in 
texture  toward  larger  grains,  few  and  weaker  bonds, 
and  larger  flaws  will  result  in  the  weaker  and  more 
permeable  snow  found  above  the  axis  of  "optimum 
permeability."  On  the  other  hand,  a  change  from 
a  highly  uniform  texture  toward  finer  grains  and  a 
concentration  of  small,  partially  alined,  but  not 
necessarily   communicating    flaws   will    result  in  the 
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lower  strength  and  relatively  lowpermeability  found 
below  the  axis  of  "optimum  permeability."  The 
slope  of  this  axis  toward  lower  permeability  as 
density  increases  could  be  the  result  of  a  higher 
proportion  of  ice  per  unit  area  for  a  given  texture 
rather  than  a  change  in  texture.  In  spite  of  the 
formidable  difficulties  in  making  detailed  measure- 
ments of  the  size,  shape,  and  arrangement  of  grains 
and  intergronular  spaces,  thereis  noother  immediate 
prospect  for  a  direct  check  of  how  these  features 
actually  relate  to  permeability  and  strength. 

Snow    Cover     Properties    as   Related 
to    Weather    Conditions 

Weather  conditions  during  and  following  deposi- 
tion of  17  snow  layers  are  summarized  (table  6) 
in  an  attempt  to  isolate  the  conditions  that  caused 


unusual  density,  strength,  and  hardness  of  the  snow. 
Fifteen  layers  3  days  or  less  in  age  and  two  about 
twice  that  age  were  selected  for  study.  Based  on 
the  density-age  relationship  discussed  earlier  in  this 
paper,  3  of  the  layers  were  initial  hard  slab,  1  1 
were  typical  aged  snow,  and  3  were  persistent 
soft  snow. 

Hard  slab  has  generally  been  considered  the 
product  of  strong  winds  and  low  temperatures.  Our 
limited  sample  tends  to  confirm  this  idea. 

When  initial  hard  slab  wasbeing  deposited  during 
our  studies,  winds  averaged  1.5  times  those  when 
more  typical  deposition  was  taking  place,  and  2 
times  those  during  the  deposition  of  persistent  soft 
snow.  Thus,  high  winds  appear  correlated  to  hard 
slab  formation. 

Average  air  temperatures  during  deposition  de- 
creased from  periods  of  persistent  soft  snow,  to 
typical   aged  snow,  to  initial  hard  slab.     There  was 
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also  a  tendency  for  air  temperatures  following  the 
deposition  of  initial  hard  slab  to  be  lower  than  for 
the  other  two  types  of  snow.  In  spite  of  the  aver- 
ages, there  were  a  few  examples  of  subzero  Fahren- 
heit temperatures  during  and  following  the  deposi- 
tion of  typical  aged  snow.  In  general,  however, 
the  case  for  low  temperatures  during  hard  slab 
formation  is  reasonably  well  substantiated  by  our 
data. 

Another  parameter  that  seems  to  distinguish 
periods  of  initial  hard  slab  deposition  is  the  drift 
ratio.  In  our  case,  this  is  the  water  equivalent 
of  the  snow  layer  in  the  avalanche  paths  divided 
by  the  water  equivalent  of  the  precipitation  (in 
Q-12  Park)  that  fell  during  the  deposition  period. 
Low  ratios  indicate  little  wind  deposition;  high  ones 
indicate  heavy  wind  deposition.  The  drift  ratio 
during  periods  of  hard  slab  deposition  averaged  8 
times  that  during  the  deposition  of  typical  snow,  and 
50  times  that  during  deposition  of  persistent  soft 
snow.  Much  of  the  scatter  in  the  drift  ratios  is 
probably  due  to  inaccurate  dating  of  the  deposition. 
When  snow  stakes  were  read  only  once  or  twice 
per  week,  the  age  of  many  layers  had  to  be  deter- 
mined somewhat  arbitrarily.  An  accurate  evaluation 
of  the  drift  ratio  will  have  to  await  more  detailed 
field  data. 

From  our  limited  sample,  initial  hard  slab  appears 
to  require  high  winds,  low  temperatures,  and  a  high 
drift  ratio.  The  two  layers  of  typical  aged  snow 
at  1  day  and  245.5  kg  m""'  and  at  2  days  and 
274.2  kg  ni'  (fig.  2;  table  6)  illustrate  this  point. 
In  both  cases  winds  were  only  slightly  below  the 
average  for  initial  hard  slab,  but  the  drift  ratios 
were  very  low  and  in  one  case  air  temperature  was 
quite  high.  As  a  result,  densities  were  just  on  the 
border  between  typical  aged  snow  and  initial  hard 
slab. 

The  two  samples  of  older  snow  measured  on 
December  13,  1966  were  7  and  8  days  old,  yet 
they  had  the  density,  hardness,  and  strength  of 
snow  less  than  half  that  age  (see  Appendix).  This 
snow  was  deposited  by  a  large  storm  that  produced 
1.24  inches  of  water  in  the  24  hours,  and  1.74 
inches  in  the  48  hours  following  noon  on  December 
5.  Winds  were  light  during  and  following  the  storm; 
two-thirds  of  the  hourly  winds  in  the  post-deposition 
period  were  below  10  m.p.h.  and  none  above  18 
m.p.h.  Temperatures  averaged  22°  F.  during  the 
storm,  dropned  below  0°  F.  afterward,  remained 
0°  to   10°  F.  for   1.5  days,  then  increased  with  day- 


time temperature  reaching  the  mid-20's  for  the 
remainder  of  the  period. 

The  light  winds  during  and  after  the  storm  al- 
lowed the  snow  to  fall  with  little  or  no  breakage. 
After  the  storm,  cold  temperatures  slowed  meta- 
morphism  and  the  light  winds  were  not  enough  to 
cause  the  snow  to  drift.  The  slight  warming  trend 
toward  the  end  of  the  period  apparently  did  not 
reduce  the  cold  content  of  the  pack  enough  to  per- 
mit rapid  metamorphism  before  the  samples  were 
token. 

Our  best  example  of  the  influence  of  weather 
conditions  on  snow  properties  was  recorded  in  early 
February  1968.  During  the  23  hours  preceding 
0900  hours  on  February  1,  winds  averaged  7.6 
m.p.h.  with  24  m.p.h.  for  the  windiest  hour  and 
15.5  m.p.h.  for  the  maximum  6-hour  period.  The 
1  4  cm  of  deposition  had  4.5  times  the  water  equiva- 
lent of  the  precipitation.  It  was  called  typical  aged 
snow  on  the  basis  of  the  age-density  relation,  al- 
though its  density  approached  the  upper  limit  and 
its  ram  number  and  tensile  strength  were  three 
times  the  average  for  this  type  snow.  At  about 
0900  hours  on  February  1,  the  wind  increased  and 
precipitation  stopped.  For  the  next  5  hours,  winds 
averaged  21.8  m.p.h.  with  a  maximum  hour  of 
30  m.p.h.  The  16  cm  of  deposition  was  all  drift 
snow.  In  spite  of  being  6  to  8  hours  younger,  this 
snow  was  appreciably  denser,  harder,  and  stronger 
than  the  layer  just  below  (see  Appendix).  Wind 
and  the  accompanying  drift  snow  seem  to  be  the 
major  factors  contributing  to  this  change  in  physical 
properties,  although  temperatures  did  drop  slightly. 

The  4-cm  layer  of  soft  snow  at  462-cm  height 
in  the  pit  of  February  12,  1967  (see  Appendix) 
is  another  example  of  a  change  in  snow  stratigraphy 
reflecting  weather  conditions  during  deposition.  Al- 
though we  cannot  be  sure  of  the  dating,  it  seems 
likely  this  layer  was  deposited  between  1800  hours 
on  February  6  and  1200  hours  on  February  7. 
During  this  time,  0.25  inch  (0.635  cm)  of  water 
was  added  to  the  pack  by  precipitation;  air  tem- 
perature averaged  about  3°  F.,  the  winds  aver- 
aged 11  m.p.h.,  and  the  drift  ratio  was  1.7.  The 
30-cm  layer  of  tough  snow  just  above  the  thin, 
soft  layer  was  probably  deposited  on  February  9, 
1967.  During  this  24-hour  period,  there  was  0.06 
inch  (0. 1  524  cm)  of  precipitation;  temperatures  aver- 
aged 13°  F.  and  winds  18.6  m.p.h.  The  drift  ratio 
was  82.6.  This  dense,  hard  layer  was  almost  com- 
pletely  drift   snow  put  in  by  high  winds  (maximum 
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6-hour  period  averaged  29  m.p.h.).  Temperatures 
were  moderate  (13°  F.)  during  deposition  and  a 
little  colder  (6.4°  F.)  during  the  60-hour  post-deposi- 
tion period.  The  switch  from  moderate  precipitation 
with  little  or  no  wind  to  very  light  precipitation  and 
strong  winds  seems  the  most  likely  reason  for  this 
dramatic  change  in  snow  properties.  Temperatures 
did  not  follow  the  expected  pattern. 

The  4-cm  layer  of  soft,  weak  snow,  sandwiched 
between  two  hard,  tough  layers  was  obvious  when 
the  pit  wall  was  examined.  It  also  showed  up  in 
the  tensile  strength,  density,  and  ram  resistance 
data.  Because  such  weak  layers  frequently  form 
the  basal  shear  plane  of  avalanches,  it  is  important 
to  locate  them  in  the  pack.  When  weak  layers  are 
only  a  centimeter  or  less  in  thickness,  however,  it  is 
very  difficult  to  detect  them  with  conventional  field 
techniques.  Noel  C.  Gardner  (personal  communica- 
tion), working  in  British  Columbia,  Canada,  found 
that  weak  layers  appeared  brighter  thanothers  when 
a  strong  light  was  put  behind  a  vertical  section  of 
snow  at  night. 

Some  field  men  have  long  suspected  that  ex- 
tremely high  winds  (50-70  m.p.h.)  do  not  form  hard 
slab;  others  say  such  winds  produce  "very  hard" 
slab  but  few  slab  avalanches.  Our  data  give  no 
information  on  a  possible  upper  wind  threshold 
for  hard-slab  formation. 


Summary  and  Conclusions 

The  average  age  of  the  snow  studied  was  5 
days,  and  most  of  it  did  not  exceed  14  days. 
Density  varied  from  40  to  450  kg  m"''  with  the 
latter  value  measured  in  3-day-old  snow  50-60  cm 
below  the  surface.  Samples  taken  parallel  and  per- 
pendicular to  the  layering  within  a  layer  showed 
no  significant  density  differences.  Three  types  of 
snow  were  distinguished  on  the  basis  of  the  density- 
age  relation:  high-density  young  snow— called  initial 
hard  slab;  low-density  old  snow— called  persistent 
soft  snow;  the  remainder— called  typical  aged  snow. 
The  last  two  types  would  be  called  soft  slab  by  the 
field  man.  There  is  little  doubt  these  three  types 
form  a  continuous  array  rather  than  three  discrete 
populations. 

Most  of  the  avalanches  that  ran  on  days  when 
initial  hard  slab  was  observed  in  the  study  pits  were 
of  the  hard  slab  variety.     Soft-slab  avalanches  pre- 


dominated on  days  when  typical  aged  or  persistent 
soft  snow  were  found  in  the  pits.  For  the  entire 
3  years  of  study,  initial  hard  slab  appeared  in  15 
percent  of  the  pits.  During  the  18-year  period 
1950-68,  however,  hard-slab  avalanches  accounted 
for  about  30  percent  of  the  total  avalanches  on 
nearby  paths.  Apparently  many  of  the  hard-slab 
avalanches  in  this  part  of"  Colorado  involved 
old  snow. 

Tensile  strength  as  measured  by  the  centrifugal 
or  spin  tester  varied  over  three  orders  of  magni- 
tude. Although  strength  generally  increased  with 
density,  there  was  a  tendency  for  the  younger 
snows  to  be  weaker  than  older  snows  of  the  same 
density. 

Shear  strength  was  measured  by  the  torque 
vane  and  also  by  a  small  open  shear  frame.  The 
relation  between  tensile  strength  and  shear  strength 
as  measured  by  the  torque  vane  was  about  l;l. 
Shear  strength  as  measured  by  the  frame  was  lower 
than  any  of  the  other  strength  indexes. 

The  relation  between  tensile  strength  and  shear 
strength  as  measured  with  the  shear  frame  varied 
with  strength  and  age.  The  ratio  of  tensile  to  shear 
frame  strength  was  about  six  to  one  for  strong  snow 
layers,  but  decreased  to  less  than  two  to  one  for 
weak  snow.  When  age  was  considered,  the  six-to- 
one  ratio  was  characteristic  of  snow  10  to  14  days 
old,   while   the   lower  ratio  applied  to  young  snow. 

The  logarithm  of  ram  resistance  showed  a  positive 
linear  correlation  with  density  that  was  not  greatly 
different  from  the  correlations  found  for  polar  snow 
and  for  seasonal  snow  cover  of  several  other  West- 
ern States.  Snow  from  wind-exposed  alpine  areas 
had  a  higher  ram  resistance  for  a  given  density 
than    snow    from    a    nearby    opening    in    the   trees. 

The  coefficient  of  air  permeability  was  between 
10  and  30  cm  sec"  (cm  of  water)"  for  70  percent 
of  the  samples.  This  is  about  one  order  of  magni- 
tude lower  than  expected.  Permeability  was  found 
to  vary  with  flow  rate  and  pressure  differential 
when  flow  rates  were  low.  The  ratio  of  virtual 
porosity  to  actual  porosity  averaged  1.062  for  snow 
no  more  than  14  days  old.  This  confirms  previous 
data  for  "average  metamorphosed"  snow.  The 
averages  for  initial  hard  slab,  typical  aged  snow, 
and  persistent  soft  snow  were  1.08,  1.03,  and  1.02, 
respectively.  Although  on  the  average  this  ratio 
distinguishes  initial  hard  slab,  thedifficulty  in  making 
the  measurement  and  the  scatter  of  individual  read- 
ings make  it  useless  as  a  field  guide. 
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Air  permeability  helps  explain  someof  the  scatter 
in  the  strength-density  relation.  For  snow  of  a 
given  density,  there  appears  to  be  some  intermediate 
or  "optimum"  permeability  above  and  below  which 
strength  decreases.  Furthermore,  this  optimum  per- 
meability decreases  with  on  increase  in  density. 
To  the  extent  permeability  is  an  index  of  texture, 
this  means  strength  is  a  function  of  density  and 
texture. 

Initial  hard  slab  was  correlated  with  moderate 
to  high  windspeed,  cold  temperatures,  and  the 
presence  of  wind-transported  snow. 

No  good  way  was  discovered  to  distinguish 
between  hard  slab  that  was  formed  in  just  a  few 
days  (initial  hard  slab)  and  that  which  formed  over 
a  longer  period  of  time.  Even  though  we  have 
shown  that  younger  snow  has  lower  strength  for  a 
given  density  than  older  snow,  this  is  not  well 
enough  documented  to  be  diagnostic. 

The  relatively  numerous  hard-slab  avalanches 
reported  from  the  high  alpine  area  west  of  Denver, 
Colorado,  are  probably  due  to  several  things.  Un- 
doubtedly the  initial  hard  slab  described  in  this 
report  is  one  factor.  Another  important  factor, 
however,  is  that  in  this  region  of  relatively  low 
snowfall  both  natural  and  artificial  triggers  often 
release  hard  older  layers. 

This  study  indicated  the  need  for  fast  and  simple 
in  situ  methods  for  measuring  the  mechanical  and 
physical  properties  of  low-density  fresh  snow.  One 
thing  that  would  be  especially  useful  would  be  a 
lightweight  rammsonde,  and  another  would  be  a 
better  classification  scheme  for  snow  on  the  ground. 
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Ahouf    The    fotesf   Seniee.  ,  .  . 


'1  .s  our  Nation  throws,  people  expeet  (ind  need  more  from 
their  forests— more  wood,  more  ivciter,  jish  and  wildlife;  more 
reereation  and  natural  beauty:  more  speeial  forest  products  and 
forage.  The  horesl  Service  of  the  V .  S.  Department  of  Agricul- 
ture helps  to  juljill  these  expectations  and  needs  through 
three  major  ac ti  vitie  s: 

e  Conducting  forest  and  range  research  at  over  7.7  loca- 
tions   ranging    from    Puerto    Rico    to    Alaska    to    Hawaii. 

•  Participating  ivitli  all  State  forestry  agencies  in  co- 
operative programs  to  protect,  improve,  and  u'isely  use 
our  Country' s  ^9S  million  acres  of  State,  local,  and 
private  forest  lands  . 

•  Managing  and  protecting  the  IH7 -million  acre  National 
Forest  System. 

I  he  Forest  Service  does  this  by  encouraging  use  of  the 
new  knowledge  that  research  scientists  develop;  by  setting 
an  example  in  managing,  under  sustained  yield,  the  National 
Forests  and  (jrasslands  for  multiple  use  purposes;  and  by 
cooperating  ivith  all  States  and  with  private  citizens  in  their 
efforts  to  achieve  better  management,  protection,  and  use  of 
forest  resources  . 

Traditionally,  Forest  Service  people  have  been  active 
members  of  the  communities  and  towns  in  which  they  live  and 
work.  They  strive  to  secure  for  all,  continuous  benefits  from 
the  Countn'^ s  forest  resources . 

For  mart  than  60  years,  the  Forest  Service  has  been  serv- 
ing the  Nation  as  a  leading  natural  resource  conservation 
agency . 


Agriculture  —  CSU.  Ft.  Collins 
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Abstract 

A  defect  study  of  1,725  logs  cut  from  498  trees  provided  the 
basis  for  determining  the  relationships  between  tree  age,  volume, 
and  defect.  Red  rot  v/as  responsible  for  8.6  percent,  brown  rots 
7.3  percent,  and  other  defects  3.3  percent  of  the  total  19.2  percent 
defect.  Red  rot,  found  in  68  percent  of  all  trees,  was  the  most 
important  cause  of  defect. 

Key  words:  Polyporus  anceps  Pk.,  Pinus  ponderosa,  lumber 
quality,  tree  volume  estimates. 
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Decay  of  Ponderosa  Pine  Sawtimber 
in  the  Black  Hills 


Thomas   E.    Hinds 


Introduction 

Commercial  forest  lands  in  the  Black  Hills  of 
western  South  Dakota  cover  approximately  1.3  mil- 
lion acres  and  contain  3.3  billion  board  feet  of 
sawtimber  (Choate  and  Spencer  1969).  Ponderosa 
pine  (Pinus  ponderosa  Laws.)  makes  up  95  percent 
of  the  total  volume.  The  net  annual  growth  of 
pine  sawtimber  in  the  Black  Hills  in  1969  was  esti- 
mated to  be  86.5  million  board  feet,  whereas  the 
annual  cut  amounted  to  53.2  million  board  feet 
(International  1/4-inch  log  rule).  Thelumber industry 
in  the  Black  Hills  is  threatened  less  by  shortages 
in  raw  material  than  by  competition  from  other 
construction  materials  for  markets  formerly  served 
by  common  grades  of  lumber  (Mueller  and  Kovner 
1967).  Accordingly,  the  industry  continually  requires 
a  general  tightening  up  in  all  expenditures  and  prac- 
tices. Errors  in  estimating  volume  and  quality  of 
timber,  or  logging  or  milling  costs  and  lumber 
yields,  can  be  serious  in  the  lumber  industry.  Many 
of  these  errors  result  from  failure  to  identify  and 
make  proper  allowances  for  defect. 

Defect  has  been  recognized  as  a  serious  problem 
in  Black  Hills  ponderosa  pine  for  many  years. 
According  to  Hoffman  and  Krueger  (1949),  the  timber 
has  always  had  a  high  cull  factor  (15  to  35  percent). 
It  has  been  reported  that  losses  from  red  rot,  caused 
by  Polyporus  anceps  Pk.,  in  old-growth  stands 
amounted  to  about  25  percent  of  the  volume  cut 
(Andrews  and  Gill  1941).  The  only  mensurational 
study  of  red  rot  in  the  Black  Hills  dealt  with  factors 
affecting  rot  incidence  in  immature  stands  up  to 
1  40  years  of  age,  however,  and  did  not  provide  any 
data  on  volume  losses  in  sawtimber  (Andrews  and 
Gill  1941). 

In  1962,  a  cooperative  lumber  grade  recovery 
study  by  the  USDA  Forest  Service  and  private  indus- 


try provided  an  opportunity  to  determine  the 
volume  and  significance  of  red  rot  and  other  heart 
rots  in  older  merchantable-sized  trees.  One  of  the 
secondary  objectives  of  the  lumber  grade  recovery 
study  was  to  develop  improved  criteria  for  identi- 
fying the  presence  and  extent  of  scalable  rot 
defects.  More  importantly  from  a  pathological  stand- 
point, however,  the  study  enabled  us  to  investigate 
the  relationship  of  rot  to  various  characteristics 
of  trees,  stands,  and  sites,  as  well  as  identify  asso- 
ciated decay  fungi. 


Methods 

The  decay  study  was  limited  to  the  498  trees 
selected  for  the  lumber  grade  recovery  study. 
These  selections  were  made  according  to  criteria 
designed  to  insure  a  reasonably  representative 
sample  of  all  diameters  and  log  grade  classes  avail- 
able in  the  Black  Hills  (Mueller  and  Kovner  1967). 
The  trees  were  randomly  selected,  as  far  as  pos- 
sible, within  these  classes  from  trees  marked  for 
cutting  on  sale  areas  on  5  of  the  10  Ranger  Dis- 
tricts   of    the    Black    Hills    National    Forest   (fig.    I). 

The  lumber  grade  recovery  study  provided  stand 
and   tree   measurement   data   for  each  tree.     Stand 


The  Ventling-Richtman  Sawmill  and  the 
Custer  Lumber  Planing  Mill  provided  the  use  of 
their  plant  facilities .  The  Buckingham  Wood 
Products  Company  and  the  Homes  take  Mining  Com- 
pany provided  men  and  equipment  needed  to  se- 
lect and  handle  the  sample  trees  and  logs. 
Others  who  assisted  include  the  Western  Wood 
Products  Association,  and  the  Forest  Products 
Laboratory  and  the  Western  Pine  Log  Grade  Pro- 
ject of  the  USDA  Forest  Service. 
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data  included  stand  age,  soil  type,  aspect,  slope 
gradient,  slope  position,  stand  density,  and  site  index. 
Tree  measurement  data  included  crown  class,  crown 
density,  crown  length,  stump  height,  tree  height, 
height  to  first  live  and  dead  branch,  height  of  the 
clear  bole  and  to  the  base  of  the  tree  crown,  tree 
diameter,  and  bark  retention  on  dead  branch  stubs 
(a  reliable  indicator  of  red  rot  in  60-  to  100-year-old 
trees  in  the  Southwest).  After  trees  were  felled, 
bucked,  and  scaled,  tree  and  log  numbers  were 
painted  on  each  log  end,  and  log  length  was  re- 
corded on  a  tree  measurement  form.  All  merchant- 
able logs  (a  net  scale  of  one-third  or  more  of  the 
gross  log  scale)  were  deposited  at  the  sawmill  yard. 
Various  log  dimensions  and  surface  defects  were 
recorded  for  each  log  on  a  standard  form,  which 
included  u  cross-sectional  diagram  of  both  log  ends. 
Supplemental    data    on    type,    stage,    and    amount 


of  visible  decay  on  log  ends  were  diagramed  on 
the  form.  Each  log  was  then  rescaled  by  USDA 
Forest  Service  and  Western  Wood  Products  Associa- 
tion check  scalers.  All  gross,  net,  and  defect 
volumes  were  identified  by  tree  and  log  number. 
Debarked  logs  suitable  for  canting  were  sawed 
into  cants  on  a  circular  head  rig  and  passed  to  a 
sash  gang  saw  where  they  were  cut  into  1-inch 
boards  (fig.  2).  Solvable  lumber  from  a  few  logs 
too  defective  for  canting  was  routed  directly  to  the 
edger.  The  boards  of  all  logs  containing  decay  that 
were  routed  through  the  sash  gang  saw  were  photo- 
graphed as  they  were  laid  out  and  numbered  on  a 
slow-moving  transfer  chain  leading  to  the  edger 
(fig.  3).  A  35  mm.  reflex  camera  with  a  28  mm. 
wide-angle  lens  was  used  in  conjunction  with  two 
strobe  lights  placed  overhead  at  45°  angles  to  the 
long   dimension   of   the   boards.      The   rough   green 
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lumber  was  edged,  trimmed,  sorted,  graded,  kiln 
dried,   and   finished   for  other  volume  comparisons. 

Cull  logs  and  segments  left  in  the  woods  were 
examined  to  complete  the  records  on  defect.  These 
were  cut  into  4-foot  sections  to  reveal  the  extent 
and  type  of  decay.  Fungi  from  decaying  wood  were 
cultured  for  identification.  To  aid  in  the  culture 
identifications,  sporophores  of  decay  fungi  were 
collected  in  the  five  areas  during  July  1965.  All 
sporophores  and  decay  cultures  were  sent  to  the 
USDA  Forest  Disease  Laboratory,  Laurel,  Maryland, 
for  identification. 

All  merchantable  and  cull  log  data  from  the 
lumber  grade  recovery  study  (Mueller  and  Kovner 
1967)  were  used  in  this  decay  analysis.  Since  the 
net  volume  determined  by  the  Forest  Service  log 
scale  (Scribner  Decimal  C  rule)  was  within  I  percent 
of  the  total  lumber  produced  (dry  finish  basis),  the 
Forest  Service  scale  data  were  used. 

Pictures  of  decayed  boards  were  enlarged  to 
7  diameters.  A  plastic  scale  overlay  was  made  to 
fit  the  pictures  so  that  length  of  decay  columns 
in  the  boards  could  be  measured.  Cubic-foot  vol- 
ume was  calculated  for  each  log  by  Smalian's  for- 
mula. Rot  volume  was  calculated  in  the  same  way, 
except  that  where  rot  ended  within  a  log  it  was 
treated  as  a  cone. 


Results  and  Discussion 

A  total  of  1 ,725  logs  was  cut  from  the  498  trees. 
Rot  defect  amounted  to  15.9  percent  and  total  de- 
fect 19.2  percent  of  the  gross  board-foot  volume 
(table   1).     All  white-pocket  rot  was  assumed  to  be 


red  rot,  although  laboratory  study  may  reveal  that 
P.  anceps  is  not  the  only  cause  of  this  type  of  de- 
cay. Red  rot  was  responsible  for  slightly  more  de- 
fect than  brown  cubical  rots  (8.6  and  7.3  percent, 
respectively).  The  remaining  3.3  percent  was  attrib- 
uted to  other  defects  such  as  cat  faces,  checks  or 
splits,  crotch  or  fork,  crook  or  sweep,  fire  scar, 
lightning  scar,  and  other  unclassified  injuries.  Red 
rot  was  present  in  68  percent  of  the  trees,  whereas 
brown  cubical  rots  were  present  in  only  36  percent; 
27  percent  of  the  trees  contained  both  red  rot 
and  brown  rot.  Red  rot  amounted  to  45  percent 
of  the  defect,  brown  rot  38  percent,  and  other 
defects  1  7  percent. 


Defect  and  Log  Position 

The  incidence  of  defect  by  log  position  is  given 
in    table   2   and    the   volumes   involved   in   table  3. 

Butt  logs  contained  42  percent  of  the  total  gross 
volume  and  30  percent  of  the  total  defect.  Of 
this  butt  log  defect,  red  rot  was  responsible  for  4.5 
percent,  brown  rot  16.1  percent,  and  other  defects 
9.4  percent.  Although  the  incidence  of  other  defect 
was  higher  in  the  butt  log,  it  did  not  cause  as  much 
volume  loss  as  brown  rot.  All  other  logs  contained 
58  percent  of  the  gross  volume  and  70  percent  of 
the  total  defect.  Red  rot  accounted  for  40.6  percent 
of  the  defect  in  the  upper  logs,  brown  rot  22.3 
percent,  and  other  defects  7.1  percent.  Red  rot  is 
thus  the  most  important  defect  in  the  upper,  smaller 
logs,  while  brown  rot  is  the  most  important  in  butt 
logs  (tables  2,  3). 


Table  1  .--Sumary  of  basic  data  from  the  five  study  areas 


Number 

Area 

of 

Average 

Average 

Total 

tree 

volume 

Total 

percent  rot 

trees 

age 

d.b.ti. 

(Scribner 

Dec, 

.   C  scale) 

Years 

Inches 

Bd.   ft. 

Cu.   ft. 

Bd.   ft. 

Cu.   ft. 

Buck  Springs 

100 

182 

18.2 

31,170 

5,778.9 

19.0 

7.3 

Golden  West 

100 

223 

18.1 

35,670 

6,731.2 

19.9 

9.9 

Herbert 

100 

235 

17.9 

39,690 

7,185.4 

20.1 

8.7 

Higgens  Gulcti 

100 

167 

18.1 

39,360 

7,284.9 

9.9 

5.2 

Iron  Creek 

98 

179 

18.3 

36,560 

6,829.0 

11.7 

5.7 

All   areas 

498 

197 

18.1 

182,450 

33,809.4 

15.9 

7.3 

-  4  - 


Table  2. --Incidence  of  defect,  by  log 
position 


Table  3. --Defect  volume,  by  log  position 


Log 

Logs 

Defect  inci( 

jence 

Log 
position 

Log  1 
Log  2 
Log  3 
Log  4 
Log  5 
Log  6+ 

Total 

Gross 
volume 

Bd.   ft. 

76,840 
56,370 
31,890 
13,170 
3,050 
1,130 

182,450 

Defect 

volume 

position 

Red 
rot 

Brown 
rot 

Other 

Red 
rot 

2.0 

8.9 

16.7 

22.2 

27.2 

9.7 

8.6 

Brown 
rot       Other 

-  -  Percent  - 

7.3         4.3 
6.5         1.5 

9.0  1.8 

8.1  4.3 

6.2  10.2 
.9       16.8 

7.3  3.3 

Total 

Log  1 
Log  2 
Log  3 
Log  4 
Log  5 
Log  6+ 

Total 

No. 

498 
487 
380 
238 
91 
31 

1,725 

12.9 
25.5 
34.7 
40.3 
33.0 
22.6 

26.5 

Percent 

21.7 
10.1 
10.5 

9.7 

8.8 

3.2 

12.3 

29.5 
9.4 
7.4 
10.5 
10.5 
29.0 

15.7 

13.6 
16.9 
27.5 
34.6 
43.6 
27.4 

19.2 

Defect  and  Tree  Age 

The  relationships  between  detect  and  tree  age, 
d.b.h.,  aspect,  slope,  stocking,  site  index,  crown 
class,  and  crown  density  were  tested  by  multiple 
regression  analysis  for  individual  areas  and  for  all 
areas    combined.      The   only    significant   correlation 


was  between  defect  and  tree  age  (fig.  4).  The 
slopes  of  the  lines  in  figure  4  were  obtained  by 
regressions,  with  the  number  of  trees  in  each  20- 
year  age  class  (the  independent  variable)  asweights. 
The  relationship  between  red  rot  defect  and  tree 
age  was  expected  to  be  similar  to  that  found  in  the 
Southwest  (Lightle   and   Andrews   1968),  where  red 
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rot  defect  amounted  to  10  percent  (board-foot  basis) 
at  200  years.  In  the  Black  Hills,  red  rot  defect 
did  not  reach  10  percent  until  age  270  years.  Red 
rot  defect  in  the  Southwest  amounted  to  14  percent 
at  240  years,  19  percent  at  300  years,  and  25  per- 
cent at  380  years  in  contrast  to  8,  11,  and  15  per- 
cent, respectively,  in  the  Black  Hills.  Above  tree 
age  of  160  years  in  the  Black  Hills,  the  brown  rots 
begin  to  play  a  more  important  role  in  defect.  At 
ages  of  240,  300,  and  380  years,  the  brown  rots 
were  responsible  for  7,  10,  and  18  percent  defect. 
Total  rot  defect  in  the  Black  Hills  amounted  to  little 
more  than  red  rot  defect  in  the  Southwest  under 
200  years  and  nearly  equal  from  200  to  300  years, 
differing  only  by  1  or  2  percent.  Beyond  tree  age 
of  300  years,  rot  defect  was  greater  in  the  Black 
Hills  pine. 

Andrews  and  Gill  (1941)  did  not  find  red  rot 
in  the  heartwood  of  immature  Black  Hills  pines 
under  80  years  old,  but  both  incidence  and  volume 
increased  rapidly  after  tree  age  80.  Five  trees 
under  80  years  of  age  contained  measurable  amounts 
of  red  rot  in  the  heartwood  in  this  study.  Once 
red  rot  has  entered  the  trunk,  time  is  one  of  the 
most  important  factors  influencing  dimensions  of 
the  rot  columns.  Small  pockets  of  rot  may  be 
hidden  or  too  small  for  scalable  defect  for  many 
years.  The  lag  between  the  time  red  rot  reaches 
the  heartwood  and  the  development  of  scalable 
defect  (table  4)  strengthens  arguments  for  shorter 
rotation  periods  in  the  Black  Hills. 


Table  4. --Relationship  of  tree  aqe  to  red 
rot  infection  and  scalable  red 
rot  defect 


Tree 

Number 
of 

Trees 

wi th-- 

aqe  class 

Scalable 

(Years) 

trees 

Infect 

ion 

defect 



Percent  -  -  -  - 

60-100 

33 

18 

3 

101-140 

100 

38 

14 

141-180 

99 

57 

22 

181-220 

84 

76 

50 

221-260 

59 

69 

59 

261-300 

55 

85 

74 

son- 

62 

81 

69 

Andrews  and  Gill  (1941)  found  no  increase  in 
the  percent  of  butt  logs  infected  with  red  rot  after 
trees  reached  the  age  of  about  100  years.  By  this 
time,  the  lower  dead  branches  have  fallen  or  ceased 
to  be  entrance  points  of  red  rot.  Infection  points 
are  then  established  through  dead  branches  higher 
on  the  trunk.  This  progressive  infection  pattern 
is  important  in  understanding  the  defect  caused 
by  multiple  red  rot  infections. 

Brown  rot  defect  was  fairly  well  distributed 
throughout  the  trunk,  even  though  a  larger  per- 
centage of  the  butt  logs  was  infected.  Six  trees 
in  this  study  were  complete  culls,  and  brown  rot 
was  responsible  for  75  percent  of  the  defect  in 
them.  It  was  more  important  as  a  culling  factor 
in  the  butt  log  than  red  rot. 

Brown  rot  was  found  in  only  one  tree  under 
80  years  old.  Incidence  of  infection  increased  to 
29  percent  in  the  181-  to  220-year  age  class  and 
to  68  percent  in  the  301-1-  class.  Scalable  brown 
rot  defect  was  found  in  21  and  58  percent  of  the 
trees  in  these  tree  age  classes.  Brown  rot  was 
more  important  in  the  older  trees  and  in  the  butt 
logs  which  contain  the  greater  volumes. 

Rot  defect  can  be  expected  to  be  less  when  trees 
are  grown  on  a  shorter  rotation  period,  and  cull 
due  to  other  defects  should  also  decrease.  As 
seen  in  figure  4,  other  defects  remained  small  over 
all  ages.  Defects  other  than  rot  were  found  in  29 
percent  of  the  butt  logs  (table  2).  Old  fire  scars, 
the  main  cause  of  butt  defect,  can  be  expected 
to  decrease  in  the  future  with  increased  fire  pre- 
vention and  control.  Forks  and  dead  tops  were  the 
major  cause  of  other  defects  in  57  percent  of  the 
logs  above  the  third  log.  Since  stand  improvement 
procedures  discriminate  against  such  trees,  this  type 
of  defect  will  also  decline  in  the  future. 

Heart  rot  losses  in  sawtimber  stands  will  con- 
tinue to  be  large  until  all  older  trees  have  been 
harvested.  Losses  will  probably  amount  to  at  least 
15  percent  in  trees  older  than  200  years  (fig.  4). 
Rot  will  continue  to  be  the  greatest  cause  of  defect, 
even  in  second-growth  stands  on  a  120-year  rota- 
tion. In  such  stands  red  rot  losses  should  not  ex- 
ceed 3  percent,  brown  rot  2  percent,  and  other 
defects  2  percent,  for  a  total  of  about  7  percent 
defect.  Commercial  thinnings  may  reduce  this  de- 
fect slightly. 


Hidden  Defect 

The  presence  of  interior  defect— mainly  heart 
rot— is  usually  revealed  on  the  ends  of  saw  logs 
after  trees  hove  been  felled  and  bucked.  Interior 
defect  that  is  not  so  exposed  or  which  is  not  visible 
to  the  scaler  is  referred  to  as  hidden  defect.  Of 
the  1,725  logs  in  the  study,  51  percent  were  classi- 
fied as  sound;  that  is,  they  contained  no  visible 
defects  before  being  cut  into  boards.  After  sawing, 
however,  only  36  percent  of  the  logs  were  found 
to  be  sound  (table  5).  Although  15  percent  of  the 
logs  contained  hidden  decay,  this  additional  defect 
did  not  change  the  board-foot  defect  percentage 
for  the  study  sample.  The  gross  scaled  volume  of 
logs  with  hidden  defect  amounted  to  28,910  board 
feet,  whereas  29,100  board  feet  of  rough  dry  lum- 
ber was  produced  from  them.  On  a  cubic-foot 
basis,  this  hidden  defect  amounted  to  0.6  percent 
of  the  total  volume. 

Table  5. --Prevalence  of  logs  with  hidden 
rot  defect   (board-foot  basis) 


Classifi- 

Logs with 

rot  defect 

cation 

Before 

'   sawing 

After 

sawing 

Sound 

Defective 

Cull 

[Jo. 

872 
594 
259 

Percent 

51 
34 

15 

Ho. 

620 
846 
259 

Pe_ 

rcent 

36 
49 
15 

Total 


1,725 


100 


1,725 


100 


Diagnostic  Criteria  for  Red  Rot 

Red  rot  is  difficult  to  detect  in  standing  living 
trees  because  fruiting  bodies  are  rarely  formed 
on  them,  and  then  only  on  dead  branches  infected 
by  the  fungus.  This  type  of  fruiting  merely  im- 
plies the  presence  of  advanced  decay  in  the  branch; 
it  does  not  indicate  the  vertical  extent  of  heart 
rot  as  do  Fomes  pini  sporophores  or  swollen  knots 
on  Douglas-fir  (Pseudotsuga  menziesii  (Mirb.)  Franco 
var.  menziesii).  Although  the  lower  trunks  of  ma- 
ture and  overmature  trees  rarely  are  completely 
clear,  decayed  branches  are  most  likely  to  be  over- 
grown. On  the  other  hand,  the  stubs  of  decayed 
branches  often   protrude  from  the  upper  trunk,  but 


it  is  usually  impossible  to  tell  from  the  ground 
whether  they  are  decayed  by  red  rot  or  other 
branch  decay  fungi.  Suspected  red  rot  entrance 
points  in  the  upper  trunk  of  merchantable  trees 
can  sometimes  be  confirmed  by  examining  match- 
ing branch  parts  on  the  ground  near  the  base  of 
the  trees.  The  red  rot  fungus  causes  the  bark  to 
become  firmly  attached  to  the  wood,  a  criterion 
that  distinguishes  red  rot  from  other  decays. 

Since  neither  fruiting  bodies  nor  rotten  branches 
and  branch  stubs  are  reliable  indicators  for  heart- 
wood  decay,  a  number  of  factors  were  analyzed 
to  determine  if  any  one  or  combination  could  be 
used  as  indicators  of  red  rot.  These  factors  were 
bark  retention  on  dead  branches,  bark  distortion 
or  pseudodefect  on  the  surface  of  the  trunk  bark 
that  usually  has  little  or  no  relation  to  the  quality 
of  the  wood  beneath;  other  surface  defects  such  as 
bark  pockets,  bird  peck,  bumps,  burls,  cankers,  scars, 
sweep,  branch  clusters,  and  sucker  limbs;  and  height 
to  first  live  and  dead  branch.  None  was  found  to 
be  a  consistent  indicator  of  decay. 

Even  after  trees  have  been  felled  and  cut  into 
logs,  estimates  of  volume  losses  are  subject  to  error 
because  (1 )  hidden  decay,  and  (2)  rot  visible  on  the 
cut  ends  of  logs  do  not  necessarily  indicate  the 
volume  of  wood  decayed. 

If  rot  is  visible  on  both  ends  of  a  log,  it  is 
usually  assumed  that  the  rot  extends  completely 
through  the  log.  When  rot  is  visible  only  at  one 
end  of  a  log,  the  extent  of  rot  penetration  into 
the  log  is  highly  variable.  Data  from  Lightle  and 
Andrews  (1968)  indicated  that,  in  the  latter  type 
of  log,  the  area  of  the  log  end  (inside  bark),  the 
area  of  heartwood,  and  the  total  and  advanced  red 
rot  areas  seemed  to  be  related  to  the  volume  of  rot 
in  the  log.  Correlation  analysis  based  on  124 
study  logs  in  their  study  was  not  significant,  but 
indicated  the  best  criterion  of  defect  volume  might 
be  the  area  of  advanced  red  rot.  Data  from  an 
additional  180  logs  from  this  study  still  did  not 
improve  their  results.'* 

Since  infection  occurs  through  dead  branches, 
the  possibility  of  multiple  entrance  points  through- 
out the  tree  trunk  increases  with  tree  age.  Once 
rot  reaches  the  heartwood,  it  may  spread  up  and 
down  the  trunk  and  coalesce  with  other  decay 
pockets.      Thus   in   mature   trees  the  decay  may  be 
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one  long  column,  many  small  columns,  or  a  com- 
bination of  both.  The  length  of  red  rot  decay  col- 
umns is  therefore  so  variable  that  volume  losses 
in  a  living  tree  cannot  be  reliably  estimated. 


Defect  in  Relation  to  Parent  Soil  Material 


and  35  percent  had  brown  rots  as  contrasted  with 
77  and  38  percent,  respectively,  on  the  granite 
areas.  The  differences  were  not  statistically  sig- 
nificant at  the  10  percent  level,  however,  due  in 
part  to  the  influence  of  age;  61  percent  of  the  trees 
on  the  limestone  areas  were  under  160  years  old, 
compared  to  only  38  percent  on  the  granite  areas. 


Conclusions  from  a  previous  lumber  recovery 
study  indicated  that,  in  general,  defect  is  more 
prevalent  and  severe  on  nonlimestone  than  lime- 
stone areas  in  the  Black  Hills  (Kotok  and  Newport 
1956).  Of  the  five  locations  sampled  in  our  study, 
two  were  on  limestone  and  three  were  in  areas 
where  the  parent  material  was  granite.  On  lime- 
stone areas,   55   percent   of  the   trees   had    red  rot 


Rot  Defect  and  Associated  Fungi 

Decay  studies  usually  rely  on  cultural  deter- 
mination of  the  decay  organisms  because  identifica- 
tion based  on  rot  alone  is  sometimes  erroneous, 
although  red  rot  (fig.  5)  and  brown  rots  (fig.  6)  have 
different  characteristics   and   are   easily    separated. 


J^: 
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It  was  not  possible,  however,  to  moke  isolations 
from  columns  of  decoy  in  logs  that  were  to  be  cut 
into  boards.  Isolations  from  cull  logs  in  the  field 
allowed  a  partial  identification  of  rot  columns  in 
these    adjacent    logs    which    were    cut   in   the   mill. 

A  total  of  426  isolations  were  made  from  decoy: 
278  from  white-pocket  rot  assumed  to  be  red  rot, 
and  148  from  brown  rot.  Of  the  suspected  red  rot 
cultures,  236  were  identified  as  P.  anceps.  Only  28 
of  the  brown  rot  cultures  were  identified  and  an- 
other 20  were  grouped  into  three  definite  unknown 
species.  The  remainder  of  the  cultures  were  either 
contaminated  or  could  not  be  identified. 

While  most  Polyporus  anceps  in  this  study  was 
identified  only  by  its  white-pocket  rot,  the  many 
cultures    of    P.    anceps    taken    from    rot   in   the  cull 


logs  suggest  that  the  determinations  were  generally 
valid.  However,  because  P.  anceps  is  presently 
undergoing  taxonomic  study,  some  reservationsmust 
be  made  concerning  the  decay  ascribed  to  the  or- 
ganism. The  apparent  lack  of  other  white-pocket 
rot  fungi  in  the  Black  Hills  pine  remains  question- 
able. Several  cultures  from  white-pocket  rots  re- 
main unidentified  and  may  later  be  described  as 
other  species  of  decay  fungi. 

All  identifications  of  specific  brown  rotorganisms 
were  from  cultures  isolated  from  cull  logs.  iNio  at- 
tempt was  made  to  differentiate  between  the  species 
of  brown  rots  on  the  exposed  log  ends  because 
information  is  lacking  on  the  causal  fungi. 

The  high  proportion  of  brown  rots  was  unex- 
pected; over  a  third  of  the  trees  in  this  study  were 
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infected.  Of  the  1  1  or  more  suspected  species  of 
brown- rotting  fungi  involved,  only  5  have  been 
identified.  Table  6  lists  the  known  brown  rot  fungi 
and  the  amount  of  defect  they  caused.  Defect 
volumes  attributed  to  the  various  brown  rot  fungi 
in  table  6  cannot  be  compared  because  only  17 
percent    of    the   brown    rot   volume   was   identified. 

Veluticeps  berkeleyi  caused  extensive  butt  and 
trunk  rot  and  cull  in  older  trees  (205-300  years), 
and  may  be  the  most  damaging  brown  rot  of  pine 
in  the  Black  Hills.  Entrance  points  of  decay  were 
old  fire  wounds  and  dead  branch  stubs.  The  decay 
columns  were  extremely  long,  extending  in  a  con- 
tinuous column  for  distances  of  50  to  80  feet,  often 
to  within  10  feet  of  the  tree  top.  The  identity 
of  the  decay  organism  remained  in  question  until 
1966  when  it  was  established  in  a  sporophore  study 
of  the  fungus  (Gilbertson  et  al.  1968). 

Prior  to  the  study,  Polyporus  schweinitzii  was 
suspected  of  causing  most  of  the  brown  rot  in  the 
Block  Hills.  It  gains  entrance  through  basal  wounds 
such  as  fire  scars,  and  causes  extensive  butt  rot 
in  older  trees.  Its  apparent  importance  as  a  butt 
rot  would  probably  have  been  greater  if  all  butt 
rots  had  been  identified. 

Coniophora  puteana  is  a  fairly  common  decay 
fungus  in  living  Engelmann  spruce,  Picea  engel- 
mannii  Parry,  (Hinds  and  Hawksworth  1966)  and 
subalpine  fir,  Abies  lasiocarpa  (Hook.)  Nutt.  (Hinds 
et  al.  1960)  in  Colorado.  The  single  isolation  of 
this  organism  from  ponderosa  pine  in  the  Black 
Hills  does  not  necessarily  mean  that  it  is  of  minor 
importance.  It  caused  a  30  percent  defect  in  the 
tree  from  which  it  was  isolated,  and  was  no  doubt 
present  in  others. 


Merulius  himantioides  is  usually  a  decayer  of 
slash  and  has  been  associated  with  the  deteriora- 
tion of  beetle-killed  Engelmann  spruce  (Hinds  et  al. 
1965).  It  was  associated  with  old  trunk  wounds 
in  this  study,  and  caused  only  minor  amounts  of 
defect. 

The  importance  of  Poria  alpina  as  a  decay  of 
conifers  remains  to  be  determined,  for  its  cultural 
identification    has    only    recently    been   completed. 

Before  any  meaningful  conclusions  can  be  drawn 
about  the  relative  importance  of  the  brown  rots, 
other  fungi  will  have  to  be  identified  by  intensive 
sporophore  collecting,  and  additional  decay  studies 
will  be  required. 

Sporophores  and  cultures  of  other  decay  fungi 
found  on  ponderosa  pine  slash  in  the  Black  Hills 
were: 


Armillaria  mellea  (Fr.)  Quel. 
Coniophora  spp.  (four  species) 
Cristella  sulphurea  (Pers.  ex  Fr.)  Donk. 
Fomes  pinicola  (Swarts  ex  Fr.)  Cke. 


Hyphodontia  aspera  (Fr.)  Erikss. 
Lenzites  soepiaria  Wulf.  ex  Fr. 
Merulius  americana  Fr. 
Merulius  sp. 

Peniophora  gigantea  (Fr.)  Mass. 
Peniophora  spp.  (two  species) 
Polyporus  dichorous  Fr. 
P.  sanguineus  L.  ex  Fr. 
P.  sulphureus  Bull,  ex  Fr. 
Poria  cinerascens  Bres. 


_P^  rixoso  Karst. 
P.  vaporaria  (Pers.  ex  Fr.)  Cke. 


Table  6. --Fungi   associated  witti  brown  rot 


Fungus 


Number 

of 
trees 


Total   tree  volume 


Average  percent  defect 


Veluticeps  berkeleyi  Cooke 
Polyporus  schweini tzi  i  Fr. 
Coniopt^ora  puteana   (Sch um . 

ex  Fr. )   Ka rs t 
Poria  alpina  Litscti. 
Merulius  tnmantioides  Fr. 

Total 


3 
3 

1 

5 
_2_ 

14 


Bd.    ft. 


1,910 
1,390 

610 

2,750 

970 

7,630 


Cu.    ft. 


343.9 
242.3 

107.8 
513.8 
196.5 

1,404.3 


Bd.  ft. 


53 
35 

30 

20 

5 

50 


Cu.  ft. 


37 
14 

16 

10 

1 

16 


-  10 


Porig  spp.  (two  species) 
Trometes  americano  Overh. 
Varia  grandulosa  (Pers.  ex  Fr.)  Lau. 


Some  of  these  fungi  are  known  to  cause  decay 
in  living  trees,  while  others  are  slash  decay  or- 
ganisms. Their  role  in  decay  of  living  trees  in 
this  study  was  not  determined. 


Summary 

Rot  losses  in  sawtimber  pine  stands  in  the  Black 
Hills  were  evaluated  in  conjunction  with  a  lumber 
grade  recovery  study.  Boards  with  decay  cut  from 
1,468  logs  of  498  trees  from  five  areas  were  photo- 
graphed after  being  sawed  in  the  mill.  Supple- 
mental data  were  obtained  from  log  diagram  forms 
and  257  dissected  cull  logs  in  the  woods.  Decay 
fungi  were  isolated  from  cull  logs. 

Total  defect  for  all  trees  amounted  to  19.2  per- 
cent of  the  gross  volume;  red  rot  caused  by  Poly- 
porus  anceps  was  responsible  for  8.6  percent  and 
brown  cubical  rots  7.3  percent.  The  remaining 
3.3  percent  was  attributed  to  defects  other  than 
rot.  The  relationship  between  average  defect,  tree 
gross  volume,  and  tree  age  was  analyzed.  Rot 
losses  amount  to  over  15  percent  in  trees  older 
than  250  years,  about  7  to  1  1  percent  in  trees  less 
than  200  years  old,  and  about  7  percent  in  trees 
150  years  old.  Rot  will  continue  to  be  the  greatest 
cause  of  defect  even  in  second-growth  stands  on  a 
120-year  rotation.  In  such  stands,  red  rot  losses 
should  be  about  3  percent,  brown  rot  2  percent, 
and  other  defects  2  percent. 

Red  rot  was  present  in  68  percent  of  all  trees 
and  in  26  percent  of  the  logs,  whereas  brown  rot 
was  present  in  36  percent  of  all  trees  and  in  12 
percent  of  the  logs.  Only  36  percent  of  the  logs 
were  free  from  defect.  Veluticeps  berkeleyi  and 
Polyporus  schweinitzii  appear  to  be  the  important 
brown  rot  fungi;  but  only  a  small  volume  of  the 
total  brown  rot  volume  has  been  identified. 
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Abstract 

Areal  snow-cover  depletion  and  resultant  snowmelt  and  water 
yield  were  studied  on  three  small  watersheds  in  the  Fraser  Experi- 
mental Forest. 

High  water  yield  efficiencies  were  observed  on  two  water- 
sheds which  had:  (1)  almost  complete  snow  cover  when  seasonal 
snowmelt  rates  on  all  major  aspects  were  maximum;  (2)  a  delayed 
and  short  snow-cover  depletion  season;  and  (3)  moderate  recharge 
and  evapotranspiration  losses. 

Water  yield  efficiency  in  one  watershed  with  low-elevation 
south  slopes  was  least.  In  1969,  streamflow  from  the  drainage 
area  on  this  basin  below  9,850  feet  was  less  than  30  percent  of 
that  generated  from  above  this  elevation.  Fourteen  years  of 
comparative  streamflow  indicated  that  water  yields  from  the  low- 
elevation  subdrainage  can  vary  from  near  zero  in  poor  runoff 
years  to  a  maximum  during  good  years  of  about  50  percent  of 
the  flow  generated  from  the  high-elevation  subdrainage. 
Key  words:  Aerial  photography,  runoff,  snow  surveys,  stream 
gaging,  hydrologic  cycle. 
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Areal  Snow  Cover  and  Disposition  of  Snowmelt   Runoff 

in  Central  Colorado 


Charles   F.    Leaf 


Introduction 

The  processes  which  produce  stream  runoff  from 
snowmelt  are  too  varied  and  too  complex  to  be 
completely  defined  at  this  time.  Hence,  relatively 
simple  relationships  have  been  derived  which  em- 
pirically relate  the  more  important  factors  in  the 
hydrologic  cycle  for  practical  usage.  Included  in 
these  types  of  relationships  are  correlations  of  the 
areal  extent  of  snow  cover  with  snowpack  volume 
and  streamflow.  Such  relationships  have  important 
application  in  (1 )  operational  streamflowforecasting, 
and  (2)  hydrologic  analysis  of  snow  zone  watersheds. 


Streamflow  Forecasting 

Depletion-runoff  relationships  were  first  used  for 
operational  streamflow  forecasting  more  than  30 
years  ago  by  Gross  (1937),  Parshall  (1941),  and 
Potts  (1944).  These  early  forecasting  procedures 
were  based  on  index  observations  of  snow  cover 
by  ground  photographic  methods.  In  the  1950's, 
depletion-runoff  forecast  curves  were  developed  by 
several  investigators  from  estimates  of  total  snow 
coverage  on  drainage  basins  (Brown  and  Dunford 
1956,  Garstka  et  al.  1958,  Miller  1953,  Parsons 
and  Castle  1959).  Thoms  (1961)  discussed  residual 
volume  forecasting  procedures  and  summarized  ob- 
servations of  areal  snow  cover  in  the  Columbia 
River  Basin  since  1951.  More  recently,  a  supple- 
ment to  this  work  has  been  published,  which  extends 
the  summary  through  the  1968  spring  runoff  season 
(Thoms  1969,  Thoms  and  Wang  1969).  Leaf  (1969), 
who  summarized  integral  estimates  of  snow  cover 
in  central  Colorado,  derived  residual  volume  fore- 
cast curves  for  three  small  experimental  watersheds, 
based  on  records  from  the  1964  through  1968  snow- 
melt runoff  seasons. 


Hydrologic  Analysis 

Several  of  the  investigators  cited  above  have 
pointed  out  that  every  watershed  has  a  characteris- 
tic relationship  between  snowpack  depletion  and  the 
disposition  of  snowmelt  runoff  which  can  be  ex- 
plained by  (1)  geologic  and  topographic  variability, 
and  (2)  the  amount  and  distribution  of  forest  cover. 
In  other  words,  the  empirical  relationships  derived 
for  a  given  watershed  apply  only  to  that  watershed, 
and  reflect  the  effects  of  terrain  diversity  as  well 
as  ground  water  storage,  and  evapotranspiration 
losses.  In  addition  to  physiographic  variations  be- 
tween watersheds,  these  correlations  are  also  in- 
fluenced by  (1)  the  initial  volume  of  the  snowpack 
each  year,  and  (2)  meteorological  conditions  during 
each  snowmelt  runoff  season.  The  effects  of  many 
of  these  factors  are  discussed  in  detail  by  Miller 
(1953)  and  the  Corps  of  Engineers  (U.S.  Army  1956). 

Areal  snow-cover  depletion,  if  correlated  with 
( 1 )  ablation  (or  melt)  of  the  snowpack  water  equiva- 
lent, and  (2)  resultant  streamflow,  con  provide  a 
better  understanding  of  the  hydrology  of  snow  zone 
watersheds.  This  report  discusses  the  areal  extent 
of  snow  cover  in  relation  to  the  water  balance  on 
three  small  watersheds. 


Study  Area 

The  three  study  watersheds  (figs.  1-3)  are  part 
of  the  Fraser  Experimental  Forest  near  Eraser,  Colo- 
rado. They  are  tributary  to  flow  of  the  Upper 
Colorado  River  Basin.  Lodgepole  pine  and  spruce- 
fir  are  the  important  forest  types. ^     Deep,  gravelly 

Lodgepole  pine    (Pinus   oontorta) 
Engelmann  spruce    (Picea  engelmanii) 
Sabalpine  fir   (Abies    lasiooarpa) 
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soils  overlay  Pre-Cambrian  bedrock;  glaciation  has 
influenced  the  topography.  Moredetailed  discussions 
of  the  geology,  clim.ate,  and  water  yields  are  found 
in  Garstka  et  al.(l958),  Hoover  ( 1 967),  Leaf  (1966), 
Retzer(1962). 

Fool  Creek  Watershed 
Snowpock  Depletion 

On  Fool  Creek,  one  of  several  gaged  water- 
sheds in  the  Fraser  Experimental  Forest,  we  are 
currently  studying  how  harvest  cutting  influences 
streamflow  (Hoover  1969,  Hoover  and  Leaf  1967, 
Martinelli  1964).  Treatment  of  this  71  4-acre  water- 
shed began  in  1954  and  was  completed  in  1956. 
Elevation  of  the  watershed  ranges  from  9,600  feet 
at  the  stream  gage  to  about  1  1,500  feet,  and  slopes 
average  26  percent.  The  main  channel  flows  north; 
generally  east-  and  west-facing  aspects  comprise 
70  percent  of  the  watershed  area.  Thus,  radiant 
energy  incident  on  the  watershed  surface  is  fairly 
uniform  during  the  snowmelt  runoff  season. 

The  watershed  research  program  on  Fool  Creek 
began  in  1940.  Observations  during  the  pretreat- 
ment  period  (1940-54)  generally  began  in  early 
April  and  continued  at  periodic  intervals  through 
the  snowmelt  season.  In  1952  greater  coverage 
of  the  watershed  was  obtained  through  installation 
of  additional  snowcourses.  This  discussion  is  based 
on  comparisons  with  the  snowcourse  data  collected 
during  the  1952  snowmelt  runoff  season. 

Each  of  32  snowcourses  established  in  1952  was 
a    sample    plot     1     chain    wide    by     12    chains    long 


(fig.  4).  Twelve  sample  points  were  measured  at 
1-chain  intervals  on  each  plot.  In  addition  to  the 
plot  snowcourses,  concurrent  measurements  were 
made  on  a  3.5-mile-long  "figure-eight"  snowcourse. 

FOOL  CREEK 


|xl2  Chain  plots 


rj 


Figure-eight 
snowcourse 


1/4        1/2 

Miles 


Snowcourse 


TlquAz  4.-- 
Snol^}couA6^  locoXloiu 
on  Tool  CHQ.Q.k,    1952. 
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The  data  from  50  sampling  points  on  this  course 
were  included  along  with  a  snowcourse  near 
timberline.  Sampling  began  April  1  0  and  continued 
at  weekly  intervals  through  June  27,  1952  on  the 
plots  and  figure-eight  snowcourse.  The  upper  course 
was  surveyed  on  April  25.  Individual  measurements 
from  all  the  sample  points  in  the  basin  were  used  to 
estimate  snow  disappearance.  Fool  Creek  was  di- 
vided into  six  subunits,  primarily  on  the  basis  of 
orientation  since  there  were  no  abrupt  changes 
in  slope  steepness  and  vegetation  below  timberline. 
Above  11,100  feet,  forest  cover  is  sparse,  and  the 
slope  is  gentle.  This  area  was  delimited  as  o  separ- 
ate subunit.  Total  watershed  snow  cover  was  deter- 
mined by  means  of  a  weighted  average  based  on 
the  area  and  estimated  snow  cover  in  each  subunit. 
These  values  were  also  weighted  by  means  of  the 
area-elevation    curve   to   obtain   an   areal    index   of 


the  input.  Summaries  of  peak  water  equivalent 
and  precipitation  during  snowmelt  ore  shown  for 
each  elevation  zone  on  the  two  major  aspects  of 
Fool  Creek  in  table  ! . 


Runoff 

Runoff  from  Fool  Creek  is  gaged  by  a  San  Dimas 
flume  (Garstka  et  al.  1958).  The  streamflow  hydro- 
graph  for  1952  is  plotted  in  figure  5.  Because  there 
is  considerable  storage  delay  of  snowmelt  inputs 
to  the  watershed,  the  hydrograph  was  separated 
into  generated  components.  Generated  runoff  is 
defined  as  that  quantity  of  snowmelt  which  results 
as  streamflow.  The  flow  generated  during  a  given 
melt  interval  is  obtained  from  the  discharge  hydro- 
graph  by  means  of  the  recession  curve.    In  general. 


Table  1 . --Estimated  peak  water  equivalent  and  subsequent   precipitation  on   Fool    Creek,    1952 


zone' 


Mean 


Peak 
water 


Aspect  

and  elev-     equiv-     Apr.      May       May 


Precipitation  subsequent  to  peak  water  equivalent 


at  ion     a  lent 


25 


1 


24 


May 
29 


June     June     June     June     July     Total 
5         12         20         27  1 


Total 
seasonal 


Feet 


Incties 


EAST  ASPECT: 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

Total 
Mean 


9,750 
9,900 
10,050 
10,190 
10,310 
10,410 
10,510 
10,620 
10,850 
11,100 


WEST  ASPECT: 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Total 
Mean 


9,810 
10,025 
10,140 
10,350 
10,540 
10,720 
10,865 
10,985 
11,110 
11,280 


14.4  0 

92 

0.56 

1.03 

1.48 

0.24 

1.01 

0.05 

0.11 

0.33 

5.73 

20.1 

15.6 

88 

.57 

1.03 

1.46 

.24 

1.00 

.05 

.11 

.32 

5.66 

21.3 

16.8 

39 

.58 

1.04 

1.44 

.24 

.99 

.05 

.12 

.30 

5.64 

22.4 

18.0 

87 

.60 

1.03 

1.42 

.25 

.98 

.05 

.12 

.28 

5.60 

23.6 

19.0 

85 

.72 

1.03 

1.40 

.25 

.96 

.05 

.12 

.28 

5.63 

24.6 

19.8 

84 

.81 

1.09 

1.40 

.50 

.81 

.05 

.13 

.23 

5.86 

25.7 

20.5 

83 

.90 

1.11 

1.38 

.81 

.45 

.05 

.13 

.22 

5.88 

26.4 

21.4 

82 

1.00 

1.14 

1.36 

1.20 

.06 

.05 

.14 

.20 

5.97 

27.4 

23.2 

80 

1.22 

1.43 

1.34 

1.22 

.06 

.05 

.15 

.18 

6.45 

29.6 

25.2 

78 

1.46 

1.73 

1.28 

1.24 

.06 

.05 

.16 

.14 

6.90 

32.1 

193.9  8 

48 

8.42 

11.66 

13.96 

6.19 

6.38 

.50 

1.29 

2.45 

59.33 

253.2 

19.4 

85 

.84 

1.17 

1.40 

.62 

.64 

.05 

.13 

.24 

5.93 

25.3 

12.6 

90 

.10 

1.30 

1.41 

.41 

.95 

.10 

.10 

.30 

5.55 

18.1 

14.6 

92 

.11 

1.49 

1.40 

.47 

1.05 

-- 

.11 

.28 

5.83 

20.4 

16.1 

89 

.33 

1.54 

1.39 

.61 

1.00 

-- 

.12 

.27 

6.15 

22.2 

17.6 

85 

.70 

1.33 

1.38 

.92 

.57 

-- 

.12 

.26 

6.13 

23.7 

19.3 

81 

1.16 

1.09 

1.37 

1.28 

.08 

-- 

.13 

.25 

6.17 

25.5 

20.9 

78 

1.26 

1.32 

1.36 

1.32 

.06 

-- 

.14 

.24 

6.48 

27.4 

22.2 

75 

1.29 

1.58 

1.35 

1.33 

.06 

-- 

.15 

.23 

6.36 

28.6 

23.4 

72 

1.32 

1.75 

1.34 

1.34 

.06 

-- 

.15 

.22 

6.90 

30.3 

24.5 

68 

1.35 

1.93 

1.34 

1.35 

.06 

-- 

.16 

.21 

7.08 

31.6 

26.1 

66 

1.40 

2.19 

1.33 

1.36 

.06 

-- 

.17 

.20 

7.37 

33.5 

197.3  8 

04 

9.02 

15.52 

13.67 

10.39 

3.95 

.10 

1.35 

2.46 

64.02 

261.3 

19.7 

80 

.90 

1.55 

1.37 

1.04 

.39 

.01 

.13 

.25 

6.40 

26.1 

^Each  zone  represents  10  percent  of  the  watershed  area. 


4  - 


100 


80 


£   60 


40 


20 


FOOL  CREEK- 1952 
SNOWMELT  RUNOFF  SEASON 


Generoted  runoff 


J^ 


25 
April 


10 


15       20     25 
May 


-\ r-' — I r 

10      15      20      25 
June 


-| 1 1— 

5        10       15 
July 


— I — 
20 


100 


75 


50 


-   25 
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the  procedure  for  deriving  generated  flows  is  to  ( 1 ) 
compute  the  volume  observed  during  the  interval, 

(2)  add  the  volume  beneath  the  recession  curve 
(storage   volume)    at    the    end   of   the    interval,    and 

(3)  subtract  the  storage  volume  which  existed  on 
the  watershed  at  the  beginning  of  the  interval. 
The  procedure  and  reasoning  behind  this  approach 
is  discussed  in  detail  by  the  U.S.  Army  (1956)  and 
Garstka  et  al.  (1958).  Table  2  summarizes  flows 
generated  during  each  snowmelt  day  for  the  1952 
runoff  season. 


Precipitation  Input  and  Melt 

Indices  of  precipitation  input  and  ablation  were 
derived  by  means  of  "snow  charts"  proposed  by 
the  Corps  of  Engineers  (U.S.  Army  1956).  In  this 
procedure,  average  values  of  snowpack  water  equiva- 
lents on  the  various  snowcourseswereplotted  accord- 
ing to  their  respective  elevations  and  weighted 
according  to  the  area-elevation  curve.  Precipitation 
after  peak  snowpack  water  equivalent wasmeasured 
by  a  network  of  15  standard  8-inch  gages  along  the 
figure-eight  snowcourse. 


Deodhorse  and  Lexen  Watersheds 
Snowpack  Depletion 

Deodhorse  and  Lexen  Creek  (see  fig.  2)  flow 
east  and  drain  667  and  306  acres,  respectively. 
Elevations  range  from  9,450  feet  at  Deodhorse 
stream  gage  and  9,850  at  Lexen  gage  to  11,600 
feet.  In  contrast  to  Fool  Creek,  these  watersheds 
are  steeper,  with  side  slopes  averaging  almost  40 
percent.  The  north  and  south  exposures,  particularly 
at  the  lower  elevations,  provide  unequal  heat  supply. 

Aerial  photography  has  been  used  to  observe 
snow-cover  depletion  since  1964.  Photos  are  taken 
at  about  10-day  intervals  after  snowmelt  begins 
on  Deodhorse  and  Lexen.  Oblique  photographs 
were  taken  through  the  1  964  melt  season.  In  1965 
and  subsequent  years,  vertical  photographs  with  an 
approximate  photo  scale  of  500  feet  to  the  inch 
were  obtained  in  cooperation  with  the  Office  of 
Atmospheric  Water  Resources,  USDI  Bureau  of 
Reclamation. 

The  extent  of  snow  cover  on  the  photographs 
was  estimated  visually  with  the  aid  of  a  folding 
stereoscope;    these    estimates    were   transposed   to 


Table  2. --Seasonal  generated  runoff  above  0.3  c.f.s.  baseflow  from  Fool  Creek  during  1952 

snowmelt  runoff  season 


Month 

Genera 

ted  runoff 

Month 
and 

Genera 

ted  runoff 

and 

Da  i  1  y 

Cumu 

lative 

Daily 

Cumul 

ative 

day 

day 

Acre-ft. 

Acre-ft. 

Percent 

Acre-ft. 

Acre-ft. 

Percent 

May 

June 

2 

7.02 

7.07 

1.0 

3 

34.98 

250.60 

35.1 

3 

4.59 

11.66 

1.6 

4 

44.10 

294.70 

41.3 

4 

16.82 

28.48 

4.0 

5 

37.45 

332.15 

46.5 

5 

7.71 

36.20 

5.1 

6 

69.66 

401.81 

56.3 

6 

7.14 

43.34 

6.1 

7 

61.00 

462.81 

64.9 

7 

5.12 

48.45 

6.8 

8 

35.17 

497.98 

69.8 

9 

5.18 

53.64 

7.5 

9 

53.39 

551.37 

77.3 

13 

16.52 

70.16 

9.8 

10 

47.96 

599.33 

84.0 

14 

13.69 

83.85 

11.8 

11 

9.74 

609.08 

85.4 

15 

1.88 

85.73 

12.0 

12 

13.61 

622.69 

87.3 

16 

1.44 

87.17 

12.2 

13 

26.33 

649.02 

91.0 

21 

2.72 

89.89 

12.6 

14 

23.03 

672.05 

94.2 

24 

.89 

90.78 

12.7 

15 

5.06 

677.11 

94.9 

25 

6.19 

96.97 

13.6 

16 

4.94 

682.06 

95.6 

26 

6.79 

103.75 

14.5 

18 

5.41 

687.47 

96.3 

27 

10.96 

114.72 

16.1 

19 

10.97 

698.43 

97.9 

28 

11.79 

126.50 

17.7 

20 

1.02 

699.46 

98.0 

29 

23.64 

150.14 

21.0 

21 

2.27 

701.72 

98.3 

30 

12.81 

162.96 

22.8 

22 

4.58 

706.31 

99.0 

31 

11.25 

174.20 

24.4 

23 

3.11 

709.41 

99.4 

June 

1 

23.25 

197.46 

27.7 

24 

4.17 

'713.58 

100.0 

2 

18.17 

215.63 

30.2 

'Total    seasonal    generated  runoff;   observed  outflow  to  June  24,    1952,   578.59  acre-feet. 


subdivided  base  maps  of  each  watershed.  As  on 
Fool  Creek,  v^atershed  subunits  were  dehmited  on 
the  basis  of  orientation,  vegetation,  and  slopesteep- 
ness.  The  total  watershed  snow  cover  was  deter- 
mined by  computing  a  weighted  average  based  on 
the  area  and  extent  of  snow  cover  in  these  sub- 
units.  For  reasons  discussed  below,  Deadhorse 
Creek  was  divided  into  an  upper  and  lower 
basin  (fig.  6). 

10,80 


DEADHORSE  CREEK 


10,400 


figuAt  6.--SnoiA}coiUU,e. 
loccitloni,  on  Vtad- 
hon^t  Cutdk,    1969. 


Runoff 

Streamflow  from    Deadhorse   and    Lexen  water- 
sheds is  gaged    by   120°  V-notch  weirs.     Snowmelt 


runoff  hydrographs  for  thie  1969  season  are  plotted 
in  figure  7.  Flows  generated  during  five  of  the 
six  time  intervals  in  figure  7  are  summarized  in 
table  3.      Seasonal    totals  are  based  on  flows  gen- 
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Table  3. --Seasonal  generated  runoff^  from  Deadhorse  and  Lexen  Creeks  during 

1969  snowmelt  runoff  season 


Genera 

ted 

runoff  on-- 

Deadhc 

)rse  Creek 

Lexen  Creek 

Interval 

During 
interval 

Cumulati 

ve 

During 
interval 

Cumu' 

ative 

Acre-ft. 

Acre-ft. 

Percent 

Acre-ft. 

Acre-ft. 

Percent 

April  16  to  April  30 

24.5 

24.5 

5.7 

10.6 

10.6 

3.6 

April  30  to  May  21 

179.1 

203.6 

47.6 

189.2 

199.8 

67.2 

May  21  to  May  28 

148.9 

352.5 

82.3 

42.2 

242.0 

81.3 

May  28  to  June  4 

25.4 

377.9 

88.3 

15.5 

257.5 

86.5 

June  4  to  June  11 

50.1 

2428.0 

100.0 

40.0 

3297.5 

100.0 

Mbove  an  assumed  constant  baseflow  of  0.2  and  0.1  cubic  foot  per  second  on  Deadhorse 
and  Lexen  Creeks,  respectively. 

^Total  seasonal  generated  runoff;  observed  outflow  to  June  11,  1969,  368.1  acre-feet. 
^Total  seasonal  generated  runoff;  observed  outflow  to  June  11,  1969,  252.0  acre-feet. 
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erated  through  June  11.  The  unusually  high  pre- 
cipitation and  resultant  streamflow  during  the  last 
half  of  June  were  not  included  in  these  summaries, 
since  almost  all  the  seasonal  snowpack  had  already 
melted. 


Precipitation  Input  and  Melt 

Estimates  of  peak  seasonal  water  equivalent 
and  ablation  during  the  melt  season  were  derived 
from  weekly  measurements  of  a  network  of  eight 
snowcourses,  each  with  eight  sample  points,  on 
the   major  aspects  of  Deadhorse  Creek  (see  fig.  6). 


Average  snowcourse  water  equivalents  wereplotted 
according  to  elevation;  these  relationshipswereused 
to  estimate  the  amount  of  snowpack  in  each  of  22 
watershed  subunits.  A  weighted  index  of  areal 
water  equivalent  was  then  computed,  based  on  the 
estimated  snowpack  water  equivalents  in  each  sub- 
unit.  Precipitation  input  after  peak  seasonal  snow- 
pack accumulation  was  estimated  from  weekly  meas- 
urements of  a  network  of  seven  standard  8-inch 
gages  spaced  along  the  access  road  shown  in  the 
lower  lefthand  corner  of  figure  2.  An  arithmetic 
average  of  the  seven  gages  was  assumed  to  be  the 
best  estimate  of  areal  precipitation  on  Deadhorse 
Creek.  Peak  water  equivalent  and  precipitation 
during  snowmelt  are  summarized  in  table  4. 


Table  4. --Estimated  peak  seasonal  water  equivalent  and  subsequent  precipitation  on  Deadhorse  Creek, 

1969  snowmelt  season 


Peak 
water 

equiva-  

lent    Apr.  16  Apr.  30  May  7  May  14  May  21  May  28  June  4  June  11 


Watershed 
subunit 


Median 
eleva- 
tion 


Precipitation  subsequent  to  peak 


Total 


Feet 


LOWER  BASIN: 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

XVII 

XVIII 

XVIII- 

XIX 

XX 

XXI 


9,650 

9,700 

9,850 

9,900 

10,000 

9,950 

10,000 

10,100 

10,600 

10,250 

9,900 

10,050 

10,350 

9,950 


Weighted  average: 


UPPER  BASIN: 


IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 


10,250 
10,400 
10,200 
10,800 
11  ,150 
10,850 
10,550 
10,350 


Weighted  average: 

Total  weighted 
average: 


Inches 


10.7              0 

8              0 

8 

1.8 

0.1 

1.0 

0.3 

0.2 

0.9 

16.6 

11.5 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

17.4 

12.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

17.9 

12.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

17.9 

12.5 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

18.4 

12.5 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

18.4 

13.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

18.9 

13.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

18.9 

14.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

19.9 

12.7 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

18.6 

10.5 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

16.4 

11.7 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

17.6 

14.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

19.9 

10.7 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

16.6 

11.9 

8 

8 

1.8 

.1 

1.0 

.3 

.2 

.9 

17.8 

14.5 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

20.4 

14.7 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

20.6 

13.7 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

19.6 

16.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

21.9 

18.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

23.9 

15.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

20.9 

15.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

20.9 

14.0 

8 

8 

1.8 

1.0 

.3 

.2 

.9 

19.9 

15.3 

8 

8 

1.8 

.1 

1.0 

.3 

.2 

.9 

21.2 

13.7 


1.0 


19.6 


^Average  of  seven  standard  8-inch  gages  along  access  road. 
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Analysis  and  Results 


Sequence  of  Snow-Cover  Depletion 
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The  sequence  of  snow-cover  depletion  on  Fool 
Creek,  Deodhorse,  and  Lexen  watersheds  is  plotted 
in  figures  8-10.  Compared  to  Lexen  Creek,  areal 
depletion  of  the  snowpock  on  Deodhorse  Creek 
starts  earlier  as  the  result  of  advanced  snowmelt 
on    the    low-elevation    south    slopes.      The    rate   of 


FlguAe.  9. --Sequence  Oj)  6now-cov(i.i  d(iplti,tion  on 
VtadkonMi  and  Lzx.<in  ^^)at^fl^h^di, ,    1969  inoto- 
moJJ:  Mino(\{\  bzuon. 
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depletion   in   the   upper   basin   of  Deodhorse  Creek 
(fig.  10)  is  similar  to  that  of  Lexen. 

The  dates  when  watershed  subunits  becomebore 
of  snow  were  estimated  to  obtain  a  more  complete 
picture  of  snowpack  depletion.  This  sequence  was 
approximated  by  considering  an  intermediate  extent 
of  snow  cover  (Miller  1953).  The  dotes  were  ex- 
pressed as  the  number  of  days  after  April  30,  when 
snowmelt  runoff  began  on  Fool  Creek  in  1952  and 
on  Deodhorse  and  Lexen  in  1967. 


100  r 


LOWER   BASIN 
(311  acres) 


UPPER  BASIN 
(356  acres) 


¥i.QuAQ,  70. --Sequence  o^  6nou}-coveA  de.ple.tcon  on 
uppeJi  and  Iomqa.  boi^m,  o^  Veadhofide.  C/ieefe, 
/969  inowmeZt  fiuno{\^  6ea6on. 


The  combined  effects  of  elevation,  forest  cover, 
and  contrasting  orientation  on  snow-cover  depletion 
are  illustrated  by  the  average  dote  when  snow 
cover  was  reduced  to  60  percent  of  the  watershed 
area: 

Fool 


20      25 

April 


30 


15       20 
May 


25 


5        10 
June 


Creek 

Deadhorse 

Lexen 

Year 

1952 

1967 

1967 

Number  of  subunits 

6 

22 

11 

Number  of  days 

after  April  30: 

Average 

36 

28 

36 

Range 

35-53 

1-52 

22-51 

Standard  deviation 

7 

14 

9 

9  - 


The  snowpack  depletion  season  was  longer  and 
depletion  rates  were  more  widely  dispersed  around 
the  watershed  mean  on  Deadhorse  Creek.  The 
delayed  and  shorter  snow-cover  depletion  season 
on  Lexen  is  apparently  more  comparable  to  Fool 
Creek,  since  large  areas  of  thesewatershedsbecome 
bare  of  snow  simultaneously. 


Snowmelt 

Although  the  following  discussion  refers  primarily 
to  figures  11  and  12,  it  should  be  considered  to 
apply  to  other  years.  These  data  are  the  best  esti- 
mates available  of  relative  snowmelt  according  to 
aspect  and  elevation  at  the  Fraser  Experimental 
Forest. 
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FOOL  CREEK -1952 
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ViguAe.   11  .--RaZatlvz  inowrmlt  nxjutoj^  at  low,  lyvtoArmdlate. ,   and  high  dtzvatlonf)   on  the.  zoit-  and  wut- 
f^acA-yig  X6pe.cti   o^  Tool  Cfiztk.     Thit  individual  boAA  fie.pfi(ZAznt  inoMmzlt  coKfitcJitd  {^01  pn.zcu,piXaXA.on 
ttcondtd  beJxodtn  eacii  inoLV-iuAv^y  in^toAval. 
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The  analysis  of  peak  snowpack  accumulation  on 
Fool  Creek  showed  essentially  the  same  average 
water  equivalent  on  the  east-and  west-facing  aspects 
(see  table  1).  Both  aspects  retained  about  the  same 
overage  water  equivalent  throughout  the  snowmelt 
season.  Snowpack  melt  rates  were  generally  similar 
on  both  aspects  at  all  elevations  on  Fool  Creek 
watershed  (fig.    II).     Areal  snowmelt  corrected  for 


precipitation    after    peak   water    equivalent    is    sum- 
marized in  table  5. 

Snowpack  melt  rates  differed  considerably  be- 
tween the  low-elevation  north  and  south  slopes 
of  Deadhorse  watershed  (fig.  12),  This  agrees  with 
the  results  of  Garstka  et  al.  (1958),  who  reported 
that,  at  9,500  feet  on  a  watershed  adjacent  to 
Deadhorse    Creek,     melt    rates   on    the   south    slope 
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FiguA^  12 .--Relative  6nowmelX-  ^cuteA  aX  low,  lntznmQ,dicut(i ,   and  kigh  ^Izvcutioiu  on  thz  nouMi-  and 
iouth-{,aclng  oipeot-i  o^  Vtadhon^d  C/ieefe.     T/ie  individual-  bau  nepfioAtnt  inoimtlt  coHAzcttd  {^ofi 
puzclpitatlon  Kzcofidzd  be^fooeen  dach  inow-iiOAvzy  inteJival. 
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Table  5.--Aredl  snowmelt  on  study  watersheds,  corrected  for  precipitation  subsequent  to  peak  water 

equival ent 


Water 

Watershed  and 

equivalent. 

During   interval 

measurement 

beginning 

Cumu 

lative 

periods 

of  period 

Snowmelt 

Precipitation 

Total 

snowmel t 

—     —     Tnr'hoc     —     —     —     — 

Inches 

Percent 

FOOL   CREEK,    1952: 

-     -      1  riL  rit;b     -     -     -     - 

April    16-25 

19.6 

0.1 

0.82 

0.92 

0.92 

3.6 

April    25-May  1 

19.5 

.7 

.87 

1.57 

2.49 

9.7 

May  1-24 

18.8 

4.4 

1.39 

5.79 

8.28 

32.1 

May  24-29 

14.4 

.5 

1.38 

1.88 

10.16 

36.8 

May  29-June  5 

13.9 

3.4 

.86 

4.26 

14.42 

55.9 

June  5-12 

10.5 

6.2 

.50 

6.70 

21.12 

81.8 

June  12 

4.0 

Seasonal    total' 

25.76 

100.0 

DEADHORSE   CREEK, 

1969: 

Total   watershed 

April    9-22 

13.7 

1.4 

.8 

2.2 

2.2 

11.2 

April    23-29 

12.3 

1.5 

.8 

2.3 

4.5 

23.0 

April    30-May  6 

10.8 

1.6 

1.8 

3.4 

7.9 

40.3 

May  7-13 

9.2 

.2 

.1 

.3 

8.2 

41.8 

May  14-20 

9.0 

1.5 

1.0 

2.5 

10.7 

54.6 

May  21-27 

7.5 

4.8 

.3 

5.1 

15.8 

80.6 

May  28-June  3 

2.7 

1.7 

.2 

1.9 

17.7 

90.3 

June  4-10 

1.0 

1.0 

.9 

1.9 

19.6 

100.0 

June  11 

0 

Upper  basin^ 

April    9-22 

15.3 

1.1 

.8 

1.9 

1.9 

4.7 

April    23-29 

14.2 

1.1 

.8 

1.9 

3.8 

17.9 

April    30-May  6 

13.1 

1.5 

1.8 

3.3 

7.1 

33.5 

May  7-13 

11.6 

0 

.1 

.1 

7.2 

34.0 

May  14-20 

11.6 

1.0 

1.0 

2.0 

9.2 

43.4 

May  21-27 

10.6 

6.0 

.3 

6.3 

15.5 

73.1 

May  28-June  3 

4.6 

2.6 

.2 

2.8 

18.3 

86.3 

June  4-10 

2.0 

2.0 

.9 

2.9 

21.2 

100.0 

June   11 

0 

Lower  basin 

April    9-22 

11.9 

1.8 

.8 

2.6 

2.6 

14.6 

April    23-29 

10.1 

1.9 

.8 

2.7 

5.3 

29.8 

April    30-May  6 

8.2 

1.8 

1.8 

3.6 

8.9 

50.0 

May  7-13 

6.4 

.7 

.1 

.8 

9.7 

54.5 

May  14-20 

5.7 

1.7 

1.0 

2.7 

12.4 

69.7 

May  21-27 

4.0 

3.4 

.3 

3.7 

16.1 

90.4 

May  28-June  3 

.6 

.6 

.2 

.8 

16.9 

94.9 

June  4-10 

0 

.9 

.9 

17.8 

100.0 

June  11 

0 

'As  derived  from  table  1. 

^Data  collected  from  upper  basin  were  identical  with  those  from  Lexen  Creek. 
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peaked  much  earlier  than  on  the  opposite  north 
slope.  It  should  be  noted,  however,  that  the  time 
log  between  maximum  snowmelt  rates  on  the  north 
and  south  slopes  diminished  with  increasing  ele- 
vation. This  effect  is  also  seen  in  our  study  — dis- 
persion of  areal  snowpack  depletion  rates  around 
the  watershed  mean  on  high-elevation  Lexen  Creek 
is  considerably  less  than  on  Deadhorse  Creek.  Gary 
and  Coltharp  (1967)  similarly  observed  that  snow- 
melt  rates  were  about  the  same  on  high-elevation 
north  and  south  slopes  in  northern  New  Mexico. 
Areal  melt  on  Deadhorse  Creek  corrected  for  pre- 
cipitation after  peak  water  equivalent  is  summarized 
in  table  5. 

Relative  Water  Yields  from 

Upper  and  Lower  Deadhorse  Creek 

Streamflow  from  Lexen  Creek  can  vary  from  60 
percent  of  Deadhorse  in  high  runoff  years  to  almost 
90  percent  in  low  runoff  years  (table  6).  Because 
this  variation  has  important  implications  for  water- 
shed management,  water  yields  were  compared 
further. 


Table  6. --Relative  seasonal   water  yields   from 
Deadhorse  and  Lexen  watersheds, 
1956-69 


Year 

Generated 

runoff^ 

Ratio  of  runoff. 

Deadhorse 

Lexen 

LexenrDeadhorse 

Creek 

Creek 

-  -  Acre-- 

feet  -   - 

Percent 

1956 

647.8 

397.0 

61 

1957 

1041.9 

623.9 

60 

1958 

688.8 

424.6 

62 

1959 

533.4 

345.8 

65 

1960 

595.2 

384.0 

64 

1961 

269.3 

233.0 

87 

1962 

943.9 

580.0 

61 

1963 

139.7 

120.5 

86 

1964 

339.5 

275.4 

82 

1965 

628.3 

383.0 

61 

1966 

213.3 

186.7 

88 

1967 

463.0 

329.3 

71 

1968 

439.1 

328.9 

75 

1969 

428.0 

297.5 

69 

Mean 

70 

^Above  an  assumed  constant  baseflow  of  0.2  and 
0.1   cubic  foot  per  second  on  Deadhorse  and 
Lexen  Creeks,   respectively. 


Deadhorse  and  Lexen  watersheds  are  con- 
tiguous and  physiographically  similar.  Early  spring 
snow  surveys  have  shown  that  snow  accumulation 
on  Lexen  is  similar  to  that  observed  in  the  high 
elevations  of  Deadhorse.  Moreover,  the  rate  of 
snow-cover  depletion  in  the  higher  elevations  of 
Deadhorse  Creek  is  identical  to  that  of  Lexen  Creek 
(figs.  9,  10). 

In  this  analysis,  it  was  assumed  that  flows 
generated  from  Lexen  Creek  correspond  to  like  vol- 
umes from  Deadhorse  Creek  above  9,850  feet  (the 
elevation  of  Lexen  Creek  stream  gage).  On  Dead- 
horse watershed,  the  apparent  drainage  area  above 
this  elevation  is  356  acres  or  53.3  percent  of  the 
watershed  total.  Relative  contributions  of  snow- 
melt  runoff  from  upper  and  lower  Deadhorse  Creek 
are  summarized  for  several  intervals  during  the 
1969    snowmelt    runoff    season    in    table   7.      Data 


Table  7. --Relative  contributions  to  streamflow 
from  upper  and  lower  basins  of  Dead- 
horse Creek  during  the  1969  snowmelt 
runoff  season 


Interval 
1969 


Runoff  generated  during   interval 


Deadhorse  Upper  Lower 

Creek  Deadhorse'      Deadhorse^ 


April    20- 
May   21 

May   21- 
May  28 

May  28- 
June  4 

June  4- 
June  11 

Total 


3.6 

2.7 

.5 

.9 


Inches 

5.4 

3.9 

.6 

1.5 


1.6 

1.3 

.4 

.2 


7.7 


11.4 


3.5 


'Measurements   taken  on  Lexen  Creek  were  trans- 
posed to  upper  Deadhorse  Creek  since  assumption 
is  that  flows  generated  from  Lexen  Creek  are 
comparable.     Upper  Deadhorse  Creek  (above 
9,850  feet)   has  an  estimated  drainage  area  of 
356  acres  or  53.3  percent  of  the  watershed 
total . 

^Lower  Deadhorse  Creek  has  an  estimated  drain- 
age area  of  311   acres  or  46.7  percent  of  the 
watershed  total . 
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in   the   summary   were   obtained   by  the  expression 


D     =  0.53L  +  0.47  D^^  or 

p,     ^   D  -   0.53L 
^L  "       0.47 


where 

Di    =  the  generatedflowfrom  lower  Deadhorse  Creek 

(inches) 
D    =  the  generated  flow  from  the  entire  Deadhorse 

Creek  watershed  (inches) 
L      =  the  flow  generated  from  Lexen  Creek  (inches) 

As  expected,  resultant  streamflow  from  snow- 
melt  on  lower  Deadhorse  Creek  was  less  than  30 
percent  of  that  generated  from  the  upper  basin, 
even  though  total  precipitation  below  9,850  feet 
was  about  80  percent  of  the  high-elevation  input 
(see  table  4).  Relative  water  yields  from  the  upper 
and  lower  basins  for  each  year  of  record  (sum- 
marized in  table  8)  are  plotted  in  figure  13.  Low- 
elevation    water   yields   apparently   can   vary   from 
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near  zero  for  poor  runoff  years  to  a  maximum 
during  good  years  of  about  50  percent  of  the  flow 
generated  from  the  upper  basin. 


Table  8. --Relative  seasonal    contributions  of 

snowmelt  runoff  from  upper  and  lower 
Deadhorse  Creek 


Generated  runoff 

Dead- 

Upper 

Lower 

Ratio  of 

Year 

horse 

Dead- 

Dead- 

runoff. 

Creek 

horse^ 

horse 

Lower :Upper 

-  -  - 

-  Inches  - 

-  -  - 

Percent 

1956 

11.7 

15.6 

7.2 

46 

1957 

18.8 

24.5 

12.3 

50 

1958 

12.4 

16.7 

7.5 

45 

1959 

9.6 

13.6 

5.0 

37 

1960 

10.7 

15.1 

5.7 

38 

1961 

4.8 

9.1 

(-0.1) 

0 

1962 

17.0 

22.8 

10.4 

46 

1963 

2.5 

4.7 

0 

0 

1964 

6.1 

10.8 

.7 

6 

1965 

11.3 

15.0 

7.1 

47 

1966 

3.8 

7.3 

(-0.2) 

0 

1967 

8.3 

12.9 

3.1 

24 

1968 

7.9 

12.9 

2.1 

16 

1969 

7.7 

11.4 

3.5 

31 

Mean 

9.5 

13.7 

4.7 

34 

'Measurements   taken  on  Lexen  Creek  were  trans- 
posed to  upper  Deadhorse  Creek  since  assumption 
is   that  flows  generated  from  Lexen  ere 
comparable. 


Water  Balance 

Watershed  efficiency  (generated  runoff  expressed 
as  a  percentage  of  snowmelt  input)  averaged  48 
percent  during  the  1952  runoff  season  on  Fool 
Creek  (fig.  14).  This  comperes  with  an  average 
39  percent  for  the  period  1943-54  (table  9).  In 
1952,  snowmelt  averaged  2.9  inches  before  any 
streamflow  was  generated.  Between  May  1  and 
May  29,  37  percent  of  the  input  was  yielded  as 
streamflow.  During  highest  streamflow,  efficiency 
averaged  73  percent,  then  decreased  markedly  until 
the  end  of  snowmelt.  It  should  be  noted  that  more 
than  90  percent  of  the  seasonal  runoff  volume  was 
generated  before  50  percent  of  the  watershed  be- 
came bare  of  snow.  This  is  considerably  more 
than  previously  reported  on  Beaver  Creek  in 
Arizona  by  Ffolliott  and  Hansen  (1968).  During 
highest  streamflow  on  Fool  Creek  (May  29-June  12), 
areal  snow  cover  decreased  from  90  to  55  percent. 
Streamflow  produced  during  this  time  interval 
comprised  70  percent  of  the  seasonal  volume.  After 
the  peak,  the  residual  snowpack  which  covered 
45  percent  of  Fool  Creek  produced  only  13  per- 
cent of  the  seasonal  runoff. 
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Table  9. --Fool  Creek  water  balance  for  1943-54  record  period 


Peak 

water 

Sub 

sequent 

Generated 

Year 

equivalent 

precipitation 

Total ^ 

runoff^ 

Efficiency' 

Percent 
38.9 

1943 

17.4 

7.8 

25.2 

9.8 

1944 

13.9 

9.3 

23.2 

6.3 

27.2 

1945 

-- 

-- 

-- 

— 

-- 

1946 

n.5 

4.3 

15.8 

7.4 

46.8 

1947 

16.2 

9.4 

25.6 

11.0 

43.0 

1948 

13.9 

5.0 

18.9 

7.8 

41.3 

1949 

14.0 

7.2 

21.2 

7.9 

37.3 

1950 

14.1 

6.4 

20.5 

7.6 

37.1 

1951 

18.4 

6.6 

25.0 

10.7 

42.8 

1952 

19.4 

5.6 

25.0 

12.0 

48.0 

1953 

11.4 

8.2 

19.6 

7.9 

40.3 

1954 

9.1 

3.9 

13.0 

2.4 

18.5 

Mean 

14.5 

6.7 

21.2 

8.2 

38.7 

^Index  of  total  precipitation  input  determined  from  the  fiqure-eiqht  snowcourse  which  traverses 

the  watershed. 

^Above  an  assumed  constant  baseflow  of  0.3  cubic  foot  per  second. 

3r 


Generated  runoff  expressed  as  a  percentaqe  of  snowmelt  inout. 
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DEADHORSE  CREEK -1969 
(UPPER  BASIN) 
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(62%) 


(21%) 


(51%) 
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(0%) 


■•Snowmfllt  input 


—Generated  runoff 


(23%) 


(36  %] 


W3%)         (23%) 


Deadhorse  watershed  averaged  39  percent  effi- 
ciency; the  upper  basin  averaged  54  percent, 
while  the  lower  basin  averaged  only  20  per- 
cent (fig.  15).  Less  than  15  percent  of  the  snow- 
melt  prior  to  May  21  in  the  lower  basin  was  con- 
verted to  streamflow  compared  with  59  percent 
in  the  upper  basin.  On  May  21,  snow  cover  in 
the  upper  basin  occupied  approximately  90  per- 
cent of  the  area,  whereas  in  the  lower  basin,  more 
than  half  the  area  was  bare.  Snow  cover  was 
complete  on  the  north  slopes  in  both  the  upper 
and  lower  basins  at  this  time.  After  May  21, 
streamflow  accounted  for  1 .9  inches  of  the  estimated 
3.5  inches  generated  from  the  lower  basin.  Pre- 
cipitation input  was  5.4  inches.  It  is  important  to 
note  that,  in  the  upper  basin,  almost  90  percent 
of  the  seasonal  runoff  volume  was  generated  before 
60  percent  of  the  area  became  bare  of  snow.  Fur- 
thermore, more  than  80  percent  of  the  upper  basin 
was  still  covered  with  snow  when  seasonal  snow- 
melt  rates  reached  their  peak. 

The  high  efficiencies  on  Lexen  Creek  (and  simi- 
larly, upper  Deadhorse)  and  Fool  Creek  are  ap- 
parently the  result  of  (1)  almost  complete  snow 
cover  at  the  time  when  seasonal  snowmelt  rates 
are  maximum  on  all  aspects,  (2)  a  delayed  and 
short  snow-cover  depletion  season,  and  (3)  rela- 
tively   low  recharge  and  evapotranspiration  losses. 
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Snow-Cover  Depletion  in 
Relation  to  Runoff  and  Melt 

Snowpack  depletion  is  plotted  as  a  function 
of  accumulated  melt  (ablation)  and  observed  and 
generated  runoff  in  figure  16  for  the  period 
1964-68.  Each  watershed  has  a  characteristic  re- 
lationship between  snowpack  depletion  and  runoff 
that  apparently  does  not  change  appreciably,  even 
though  the  amount  of  snowpack  and  weather  con- 
ditions which  produce  runoff  each  year  vary  con- 
siderably. It  is  possible  that  the  scatter  around 
the  mean  curves  is  the  result  of  annual  differences 
in  initial  snowpack  water  equivalent,  recharge  re- 
quirements, and  meteorological  conditions  during 
snowmelt.  hlowever,  experimental  error  may  ac- 
count for  a  large  portion  of  the  variation. 

The  relationships  derived  for  Lexen  (upper  Dead- 
horse) resemble  those  of  Fool  Creek  (before  harvest 
cutting)  due  to  their  similar  snow-cover  depletion, 
snowmelt,   and    losses.      The   closer   agreement   be- 
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tween  the  ablation  and  generated  runoff  relation- 
ships on  Fool  Creek  and  Lexen  (upper  Deadhorse) 
reflects  accelerated  depletion  of  the  snow  cover 
after  most  of  the  snowpack  water  equivalent  has 
melted.  This  provides  for  more  efficient  conversion 
of  snowmelt  runoff  to  streamflow. 

On  Deadhorse  Creek,  the  large  differences  in 
snowmelt  rates  and  high  recharge  and  evapotrans- 
piration  losses  in  the  lower  basin  (see  figs.  12,  15) 
are  reflected  by  the  conspicuous  displacement  be- 
tween the  generated  runoff  and  ablation  curves. 
When  the  area  of  snow  cover  decreases  rapidly 
with  increasing  ablation  and  runoff,  as  in  the  lower 
basin  of  Deadhorse  watershed,  less  efficient  con- 
version   of    snowmelt    to    streamflow    is   indicated. 


Summary 

Snowmelt  and  resultant  snowpack  depletion  and 
water  yield  were  studied  on  three  experimental 
watersheds  in  the  Fraser  Experimental  Forest.  Drain- 
age areas  within  the  following  three  physiographic 
complexes  were  analyzed;  (1)  forested,  with  gen- 
erally east-  and  west-facing  aspects  between  9,600 
and  11,500  feet  (Fool  Creek);  (2)  forested,  with 
predominantly  north-  and  south-facing  aspects  be- 
tween 9,450  and  9,850  feet  (lower  Deadhorse  Creek); 
and  (3)  forested,  with  primarily  north  and  south 
aspects,  but  with  the  drainage  area  between  9,850 
and  1  1 ,600  feet  (Lexen  and  upper  Deadhorse  Creeks). 
Deadhorse  and  Lexen  watersheds  are  contiguous. 
The  analyses  were  based  primarily  on  data  collected 
in  1952  from  Fool  Creek,  and  in  1969  from  Dead- 
horse and  Lexen  watersheds. 

On  Deadhorse  Creek,  the  snowpack  depletion 
season  was  relatively  long,  and  depletion  rates 
varied  widely  on  subunits  within  the  watershed. 
In  contrast,  on  Fool  Creek  and  Lexen,  depletion 
of  the  snow  cover  was  delayed  for  some  time  after 
the  runoff  season  began,  and  large  areas  then 
became  bare  of  snow  simultaneously. 
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Seasonal  snowmelt  was  essentially  the  same 
on  the  generally  east  and  west  aspects  of  Fool 
Creek  at  all  elevations.  On  Deadhorse  Creek, 
snowmelt  rates  differed  greatly  between  the  low- 
elevotion  north  and  south  slopes,  but  the  lag  be- 
tween them  diminished  with  elevation. 

Relative  water  yields  from  the  drainage  areas 
above  and  below  9,850  feet  on  Deadhorse  Creek 
were  estimated  by  weighted  differences  between 
streamflow  measured  on  adjacent  Lexen  Creek  water- 
shed and  the  total  flow  of  Deadhorse.  In  1969, 
streamflow  from  snowmelt  in  the  lower  basin  of 
Deadhorse  was  less  than  30  percent  of  that  gen- 
erated from  the  upper  basin,  although  precipita- 
tion input  was  about  80  percent  of  the  high-ele- 
vation input.  Fourteen  years  of  streamflow  data 
indicate  that  water  yields  from  the  lower  basin 
can  vary  from  near  zero  for  poor  runoff  years  to 
a  maximum  during  good  years  of  about  50  percent 
of  the  flow  generated  from  the  upper  basin. 

In  1952,  efficiency  (water  yield  expressed  as  a 
percentage  of  snowmelt  input)  averaged  48  percent 
on  Fool  Creek,  compared  to  an  average  39  percent 
for  an  11 -year  record  period.  Efficiency  was  low 
when  snowmelt  runoff  first  began,  and  also  later 
in  the  season  when  snow  became  patchy  at  the 
higher  elevations.  Conversion  of  snowmelt  into 
water  yield  was  highest  when  streamflow  was  at 
its  peak.  More  than  90  percent  of  the  seasonal 
runoff  volume  was  generated  before  50  percent 
of  the  watershed  was  bore  of  snow.  During  the 
period  of  highest  streamflow,  areal  snow  cover 
decreased  only  35  percent  and  produced  70  per- 
cent of  the  seasonal  water  yield. 

In  1969,  overall  efficiency  on  Deadhorse  Creek 
averaged  39  percent;  the  upper  basin  averaged 
54  percent  and  the  lower  basin  20  percent.  The 
upper  basin  generated  almost  90  percent  of  the 
seasonal  runoff  volume  before  60  percent  of  the 
area  became  bare  of  snow. 

Comparisons  of  the  water  balance  and  snow- 
cover  depletion  on  Lexen  Creek,  upper  Deadhorse, 
and  Fool  Creek  revealed  hydrologic  similarities 
among  the  watersheds  in  spite  of  obvious  physio- 
graphic dissimilarities.  These  similarities  included: 
(1)  almost  complete  snow  cover  when  seasonal 
snowmelt  rates  on  all  major  aspects  of  the  water- 
sheds were  maximum;  (2)  a  delayed  and  short  snow- 
cover  depletion  season;  and  (3)  relatively  low  re- 
charge and  evapotranspiration  losses. 


Conclusions 

These  results  are  at  best  crude  indices  of  the 
energies  and  physiographic  features  affecting  the 
disposition  of  snowmelt  runoff.  The  greatest  short- 
coming of  the  study  is  the  questionable  accuracy 
of  the  areal  estimates  of  precipitation  input.  The 
watershed  transposition  technique  employed  to 
determine  relative  water  yields  from  Deadhorse 
Creek  is  also  open  to  criticism.  The  assumption 
that  upper  Deadhorse  and  Lexen  Creeks  yield  like 
quantities  of  streamflow  should  be  verified  by  field 
measurements. 

Nevertheless,  some  useful  indications  havebeen 
derived  which  are  pertinent  to  a  better  understanding 
of  the  hydrology  of  subalpine  watersheds.  For 
example,  it  appears  that  in  the  high  water-yielding 
snow  zone,  the  hydrologic  regimes  of  subunits 
within  even  small  forested  watersheds  can  vary 
by  several  orders  of  magnitude.  Quantitative  in- 
formation of  this  nature  is  necessary  for  deter- 
mining the  potentials  on  these  watersheds  for  water 
yield  improvement  through  harvest  cutting  and/or 
weather  modification. 

Because  areal  snow  cover,  like  streamflow,  is 
an  integral  measurement,  it  can  be  effectively 
utilized  in  the  identification  of  watersheds  and  sub- 
units  within  watersheds  which  contribute  most  (or 
least)  efficiently  to  streamflow.  Also,  the  index 
relationships  between  snowpack  depletion  and  re- 
sultant ablation  and  streamflow  derived  for  experi- 
mental watersheds  can  be  effectively  used  in  pre- 
dicting the  hydrology  of  other  areas  in  the  sub- 
alpine zone. 
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ABSTRACT 


Shrubs  such  as  antelope  bitterbrush,  big  sagebrush,  snow- 
berry,  and  true  mountainmahogany  can  be  identified  more  con- 
sistently on  large-scale  (1:600-1:1,200)  color  infrared  aerial  photo- 
graphs than  on  the  same  scale  color  aerial  photographs.  Identi- 
fication of  relatively  large  forbs,  including  Fremont  geranium 
and  orange  sneezeweed,  is  also  easier  on  large  scale  color  infra- 
red. Neither  film  type  appeared  to  give  improved  information 
regarding  site  delineation  on  smaller  scale  photographs.  Other 
features  of  the  range  environment,  including  rodent  disturbances, 
can  best  be  identified  on  color  infrared  at  photo  scales  up  to 
1:2,400.  All  of  this  depends  on  obtaining  photographs  at  the 
right  time  of  year  in  respect  to  phenology  of  the  vegetation. 
KEY  WORDS:  Aerial  photography,  infrared  color  photography,  color 
photography,  indicator  plants,  forest  surveys,  range 
surveys,  land  classification,  forage  plants,  phenology. 
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iNew  ana  improvea  color  aerial  rums,  coupled  with  high- 
speed aerial  cameras,  enable  us  to  identify  individual  plant 
species  as  well  as  other  features  of  the  range  environment. 
These  photo  systems,  linked  with  potential  automated  photo 
interpretation  techniques  guided  by  ground  sampling,  provide 
possibilities  for  updating  range  inventories  at  less  cost  than 
conventional  ground  surveys  alone.  Imaged  below  on  a 
1:2,400  scale  color  infrared  photograph  are  blocks  of  native 
range  75  feet  square,  treated  with  herbicide  (s),  fertilizer  (f), 
a  combination  of  herbicide  and  fertilizer  (b),  and  neither  (n). 
The  herbicide/fertilizer  treatments  induce  a  nonnormal 
physiological  effect  which  should  provide  clues  to  detection 
of  stressed  vegetation. 


Color  Aerial  Photography-- 

A   New  View  for  Range  Management 


Richard  S.    Driscoll 


Black-and-white  panchromatic  aerial  photographs 
were  first  documented  as  an  integral  part  of  range 
inventory  procedures  in  1937  (U.  S.  Inter-Agency 
Range  Survey  Committee  1937).  In  an  appraisal 
of  range  survey  methods,  aerial  photography  was 
recommended  over  other  methods  to  provide  more 
accurate  vegetation  type  maps  and  to  obtain  more 
dependable  forage  estimates  (Raid  and  Pickford 
1942). 

The  application  of  a  sampling  procedure  for  range 
inventories  based  on  aerial  photography  has  been 
described  by  Harris  (1  951 ).  Lord  and  McLean  (1  969) 
discussed  how  some  characteristic  aerial-photo  pat- 
terns of  vegetation  and  land  forms  were  used  in 
soils  survey  and  land  classification. 

Primarily,  black-and-white  aerial  photography 
has  been  used  for  mapping  broad  vegetation  types- 
such  as  grassland  versus  shrubland  versus  timber- 
land— and  to  locate  cultural  features  including  roads, 
fences,  seeded  areas,  or  special  situations  such  as 
rodent  infestations.  The  photographs  were  usually 
of  medium  scale  (1:15,840  to  1:30,000)  and  of  aver- 
age quality  on  9-inch  by  9-inch  format.  In  addition, 
photographs  available  for  use  had  most  likely  beer 
taken  during  some  previous  year.  Consequently, 
image  characteristics  observed  represented  current 
ground  conditions  only  in  a  gross  fashion  such  as 
the  apparent  boundary  between  generalized  vege- 
tation types. 

For  the  above  reasons,  and  because  of  the  ex- 
periences of  foresters  with  color  aerial  photography 
(Sayn-Wittgenstein  1960,  1961;  Heller  et  al.  1964, 
1967;  Aldrich  1966),  research  was  started  at  the 
Rocky  Mountain  Forest  and  Range  Experiment  Sta- 
tion in  1967  on  the  feasibility  of  large-scale  (1 :600 
to  1:4,600),  70  mm  (2%-inch  by  2y4-inch  format) 
color  aerial  photography  flown  at  different  times 
during  the  growing  season  for  detecting  and  identi- 
fying plant  species,  communities,  and  other  habitat 
features  in  different  range  environments  in  Colo- 
rado. This  Paper  reports  some  early  findings  at 
the  Rocky  Mountain  Station.  Carneggie  and  Reppert 
(1969)  have  reported  on  use  of  this  kind  of  photog- 
raphy for  northeastern  California  grasslands  and 
shrublands. 


The  Study 


Test  Sites 


Four  test  sites  representing  contrasting  vege- 
tation types  were  selected  for  this  research. 

Black  Mesa  is  located  approximately  30  airline 
miles  west  of  Gunnison,  Colorado,  on  a  spruce- 
fir/grassland  cattle  summer  range  at  an  elevation 
of  approximately  9,800  feet.  It  is  also  grazed  by 
deer  and  elk  from  spring  through  fall.  Thurber 
fescue,  Idaho  fescue,  aspen  fleabane,  and  Fremont 
geranium  are  the  most  common  herbaceous  species 
in  the  grassland  areas.-?/ 

Manitou  is  located  approximately  25  airline  miles 
northwest  of  Colorado  Springs,  Colorado,  on  a  pon- 
derosa  pine/bunchgrass  cattle  summer  range.  Deer 
use  the  area  yearlong.  The  specific  study  location 
occurs  in  a  parklike  opening  at  about  7,700  feet 
elevation.  Blue  grama,  Arizona  fescue,  pussytoes, 
and  fringed  sagebrush  are  themost  abundant  species 
on  this  test  site. 

Kremmling  is  located  on  a  deer  winter  range 
approximately  10  airline  miles  northeast  of  Kremm- 
ling in  north-central  Colorado  in  a  mixed-shrub  type. 
Cattle  graze  this  area  lightly  at  various  times  from 
spring  through  fall.  The  site  is  in  a  very  broad 
mountain  valley,  locally  known  as  Middle  Park,  at 
an  elevation  of  about  8,000  feet.  Big  sagebrush, 
alkali  sagebrush,  antelope  bitterbrush,  snowberry, 
rabbitbrush,  and  broom  snakeweed  are  the  most 
abundant  shrubs. 

McCoy  is  located  approximately  25  airline  miles 
southwest  of  Kremmling,  Colorado,  in  the  pinyon- 
juniper  type.  It  is  used  by  livestock  most  of  the 
year,  and  is  an  important  deer  winter  range.  The 
site  is  within  a  complex,  rolling  to  hilly  topographic 
pattern  of  the  upper  Colorado  River  drainage  at  an 
elevation  of  approximately  7,400  feet.  Pinyon  pine 
and  Rocky  Mountain  juniper  provide  the  general 
aspect  to  the  area.  True  mountainmahogany  and 
big  sagebrush  are  common  understory  species; 
herbaceous  species  are  relatively  minor. 

JJ Common  and  botanical  names  of  plants 
mentioned  are   given   inside  back   cover. 


Aerial  Photography 

Flight  lines  from  250  feet  to  4,500  feet  long 
were  established  and  marked  on  the  test  locations 
to  assure  photographic  coverage  of  specific  kinds 
of  plants,  plant  communities,  and  other  items  in 
the  range  environment.  These  items  were  marked 
on  the  ground,  usually  with  wood  surveyor  stakes 
or  some  arrangement  of  wood  lath  so  they  could  be 
detected  and  positively  identified  in  the  aerial  photo- 
graphs (Francis  1970). 

Dual  70  mm  format  aerial  cameras  weremounted 
in  a  Forest  Service-owned  Aero  Commander  500  B 
aircraft  to  obtain  simultaneous  imagery  with  two 
different  film  types.  Photo  scales  ranged  from 
l;600  to  1 -.4,600. 

The  70  mm  camera  systems  used  for  this  work 
have  several  significant  advantages  over  conven- 
tional aerial  camera  systems.  The  70  mm  systems 
have  fast  shutter  speeds  and  rapid  pulse  rates 
which,  when  coupled  with  high-speed  small-format 
film,  make  possible  low-level  airplane  photography 
of  high  resolution  for  stereo  viewing.  Other  ad- 
vantages include  relatively  low  cost,  small  size 
and  light  weight,  and  variable  lenses  interchange- 
able in  flight. 

The  film  types  were  Anscochrome  D-200,  type 
7230,  exposed  with  a  Wratten  1-A  skylight  filter, 
and  Kodak  Ektachrome  Infrared  Aero,  type  8443, 
exposed  with  a  Wratten  12  filter.  These  color  film 
types  were  selected  for  two  reasons:  (1 )  the  greater 
possibility  of  identifying  individual  items  in  color 
rather  than  in  black  and  white,  and  (2)  the  ability 
of  color  infrared  film  to  portray,  in  discriminate 
color  images,  differences  among  subjects  in  their 
reflectance  of  near-infrared  radiation  not  observable 
to  the  unaided  eye. 

Anscochrome  D-200  is  an  ordinary  color  reversal 
aerial  film  constructed  with  a  three-layer  emulsion 
sensitized  to  red,  green,  and  blue  light.  When 
exposed  and  processed  properly,  the  activated  dyes 
form  color  images  that  closely  match  the  color  of 
the  objects  photographed. 

The  infrared  color  film  is  a  false-color,  reversal 
film.  It  differs  from  ordinary  color  film  in  that  the 
three  sensitized  layers  are  sensitive  to  green,  red, 
and  near-infrared  radiation,  insteadof  theusual  blue, 
green,  and  red.  Since  all  three  layers  are  also  sen- 
sitive to  blue  light,  we  used  a  yellow  Wratten  12 
filter   to   absorb   that   part   of   the    spectrum.     When 


exposed  and  processed  properly,  this  combination 
of  sensitizations  and  dyes  produces  false  colors 
for  most  natural  objects.  For  example,  rapidly 
growing  green  vegetation  produces  an  image  in 
shades  of  magenta  or  red  because  of  relatively 
strong  near-infrared  reflectance.  Bare  soil  or  mature, 
drying  vegetation  appears  as  shades  of  cyan  or 
blue  because  of  little  near-infrared  reflectance. 
Heller  (1970)  describes  in  more  detail  the  light/film 
physics  involved  when  using  this  film  type. 

All  film  was  processed  to  color  transparencies 
to  avoid  potential  loss  of  resolution  and  color  bal- 
ance which  often  occur  when  the  film  is  processed 
to  prints.^ 

Photo  missions  were  flown  over  the  test  sites 
when  (1)  the  growing  season  was  starting,  (2)  the 
growing  season  was  at  its  peak,  (3)  the  most 
abundant  species  were  starting  dormancy,  and  (4) 
most  species  were  dormant,  but  prior  to  snowfall. 
In  addition,  the  overflights  of  the  Manitou  test  site 
were  planned  to  provide  before-and-after  photos 
of  native  range  treated  with  herbicides  and  ferti- 
lizers. This  selection  of  photo  missions  was  planned 
because  no  single  time  period  could  be  expected 
to  provide  optimal  data  about  the  many  items  in 
the  complex  range  environment. 


Some  Interpretive  Comparisons  of  the  Film  Types 

The  identification  of  an  object  in  an  aerial  photo- 
graph must  be  based  on  characteristics  of  the  object 
as  imaged  by  the  camera  and  film,  not  by  the  usual 
characteristics  of  the  object  as  viewed  firsthand. 
The  photo-image  characteristics  used  for  identifying 
specific  items  include  color,  pattern,  texture,  relative 
size,  shape,  and  shadow. 

Plant  Identification 

Phenology,  or  the  stage  of  plant  development, 
is  an  important  consideration  when  attempting  to 
identify    individual    plant    species   in   aerial  photos. 

U All  photography  was  procured  ana  film 
developed  cooperatively  with  the  Forest  Remote 
Sensing  Project,  Pacific  Southwest  Forest  and 
Range  Exp.  Sta. ,  USDA  Forest  Serv. ,  Berkeley, 
Calif. 


Ftyixic   1  .--Ektcidiwme   hi^ialcd  Aaiu    (tCfit)   and  Anioch'iome  V-200    iliglit]   expand  6 imuZtamou-itii 
Augu.it  24.    1967;  Scali    U7S0.     W Ud  gciaiiwm   (a)   and  otangc  iueezawed   (b]   ale   idtiitiiiid  lOithoiU 
sMAoi   ui   the   EktacJiiome   In^iaied  photogiapki.     The   two   spcctci  aie  di^icutt  to  identify  In  the 
coloi  photo. 


Ftyutc   2.--&UtelbULili    [a],    big    iagebluik    (b),   and  iiioiobc^iy    Id    ale  mote   eaiUy  detected  aiid  t^den- 
ti(,ied  on  coCol  u\(,iaAed   ile^f]   ab  compaied  tc  novnai  coioi  aefiial  photoglapky   (rUght)   at  a  icofe 
o(,    1:1,000  eKpoied  in  mid-Julij.     Automated  photointeipietation   technique,!,  ivhicb  diicliminate  be- 
tvoeen  coloi  deniiXij  didf^eieneci   could  be  uied  to  dete'uriLne   the  ai>\ount   {covel  oi  nimibt"i5 )   of,   then 
ipecie^i  on  an  atea  baiij>. 
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FtguTe   3. --One  Imndltd  pticiiit  aonAact  Ldiiitif,lcouUon  of,   smatt'   jaiitpcl    (al  ,    "n  -  .   '"'' 

plnyan  pine    (c)    ti  poiitfa(:c  on  i(te  co£oA.  lnf|'laA^d  photoi,    lte(,t]   at   ):1,?00   icjfc.   c^pacn   ui  Jndj 
01  Augait.   The^e  4pec-tM  oAe  ^^equeioi^i/  mL!,inti>ip>ieXed  on  cofoi  pkotoi    iliglit)   at  f/ie  iomt-  icale. 


F/oulc   4. --8(  tf<>^b'[(M(t/6iioio()PlAi/  iiXc/.    [a]   aic 
mole   rtleciieHii  deUneated  flom  iaQcbiLLih 
i,iteA    (h)    in  thi-i    U4,60n  6cafe  coHol   u^na- 
led  photo   fliatt   that  iDoaUd  be  on  leqijIoA 
cotol  nkotoi,   a/J'houqh  the  qcn^inf   commun- 
■iXii  boandoMAeM  one  (quaUKu  tntennhptabfe  on 
both   Ulm  timei.      Indhu'duaf   i]oec<jneni   oi 
(alqe  i/iiufai,   ienviceheinH  at  the   t<r<  oi   the 
afiow,   can  be  Identified  at  thii  photo  icaHe 
H  nhotoi  ale   tahen  at  the  niqht  time  of 
tiean:      in   thii   cO-iP,    mid-Auquit. 


FiguAe  S.  --Hountain  pocket  qorthel  moundi 
{bioi"niih  ipoti]   in  a   1:600   icaie  cofoi 
infnoAed  pliotoqiaph  exf^oied  in  mid-Sep- 
temben.      T/ic  mound  indicated  imi  mined 
in  the  companion  notmal  colon   photoqnavh. 
Ividence  of  qophci  activitiimai  icaionabi'ii 
diicennJbte  in   1:2,400  icafe  ohotoi  pxinriicri 
on  the   ^am(^  date. 


For  example,  mid-July  photographs  of  the 
Black  Mesa  site  showed  the  vegetation  a  constant 
shade  of  green  on  normal  color  film,  and  a  con- 
stant shade  of  red  on  color  infrared.  At  this  date, 
all  herbaceous  plants  were  growing  vigorously  with 
colors  (National  Bureau  of  Standards  ISCC-NBS  sys- 
tem of  color  designations)  between  125  (medium 
olive  green)  and  122  (grayish  yellow  green).  These 
color  differences  were  so  subtle  they  could  not 
be  distinguished  in  the  aerial  photographs,  regard- 
less of  photo  scale  or  film  type.  Because  of  pheno- 
logical  changes  by  mid-August,  however,  individual 
species  could  then  be  differentiated  in  aerial  photo- 
graphs, primarily  on  the  basis  of  color.  The  plant 
species  were  in  different  growth  stages,  foliage  colors 
were  changing,  and  thesedifferences  weredetectable 
in  1:750  scale  aerial  photographs.  For  example, 
the  visual  ground  color  of  geranium  foliage  was  16 
(dark  red).  The  resultant  69  (deep  orange  yellow) 
color  imaged  on  the  color  infrared  photographs 
provided  easy  detection  and  positive  identification 
of  the  species  (fig.  1)  since  no  other  species  had 
this  color.  The  population  density  could  thus  be 
accurately  determined  if  this  were  an  objective 
of  a  resource  inventory.  On  the  color  photographs 
at  the  same  scale  and  date,  the  species  could  be 
detected  and  identified  only  by  careful  searching 
under  4x  stereo-magnification. 

Other  relationships  were  found  for  identifying 
shrubs  from  the  aerial  photos  of  the  Kremmling 
test  site  flown  in  mid-July.  Apparent  height  and 
stem  leafiness  were  the  important  image  charac- 
teristics, in  addition  to  color,  for  discriminating  be- 
tween bitterbrush  and  snowberry.  Bitterbrush  plants 
were  taller  and  leaf  arrangements  on  the  stems 
were  more  vertical  and  less  dense  than  snowberry. 
The  height  difference,  which  provided  a  shadow 
difference,  was  discernible  on  1:1,000  scale  photo- 
graphs under  4x  stereo,  and  the  difference  in  leaf 
arrangements  provided  a  more  discrete  image  tex- 
ture for  snowberry.  With  these  characteristics,  the 
two  species  could  be  distinguished  on  both  film 
types. 

Actual  colors  of  these  two  species  in  mid-July 
were  very  similar,  127  (grayish  olive  green)  and 
125  (medium  olive  green),  respectively.  However, 
image  colors  in  photos  taken  at  that  time  provided 
discriminatory  differences  between  the  two  species, 
especially   in   the   color   infrared.      In  these  photos. 


bitterbrush  was  usually  15  (medium  red)  while  snow- 
berry was  generally  a  13  (deep)  to  16  (dark  red). 
On  the  color  photos,  bitterbrush  was  usually  125 
(medium  olive  green)  and  snowberry  150  (grayish 
green).  The  color  differences  between  these  species, 
apparently  caused  by  leaf  size  and  arrangement 
on  the  stems,  were  more  obvious  in  the  color  infra- 
red photographs. 

Image  differences  between  bitterbrush  and  big 
sagebrush  at  the  Kremmling  site  were  sufficiently 
discrete  on  mid-July  photos  at  1:1,000  scale  that 
they  could  be  distinguished  on  both  film  types. 
However,  the  difference  between  15  (medium  red) 
of  bitterbrush  versus  the  240  (light  reddish  purple) 
of  big  sagebrush  was  more  apparent  in  the  color 
infrared  photographs  than  were  the  green  color 
differences  between  the  two  species  in  the  color 
photograph  (fig.  2). 

Mountainmahogany,  pinyon  pine,  and  juniper 
could  be  discriminated  well  on  1:1,200  scale  color 
infrared  photographs  on  the  McCoy  site  taken  August 
3,  1968  (fig.  3).  Although  apparent  ground  colors 
of  the  foliage  of  mountainmahogany  and  pine  were 
the  same,  125  (medium  olive  green),  the  relatively 
large,  shiny,  thick-cuticled  leaves  of  mountain- 
mahogany apparently  reflected  more  infrared  than 
the  pine  needles.  This  caused  an  I  1  (very  red) 
to  a  1 3  (deep  red)  image  for  mountainmahogany 
and  a  43  (medium  reddish  brown)  image  for  the 
pine.  Because  of  relative  heigl-t  differences,  mature 
specimens  of  the  two  plants  could  be  differentiated 
on  both  film  types,  but  identification  errors  would 
be  frequent  when  attempting  to  differentiatemature 
mountainmahogany  and  small  pines  in  the  same 
size  range  on  the  color  photographs. 

Fringed  sagebrush  is  usually  classed  as  an  un- 
desirable livestock  forage.  Surveillance  of  popu- 
lation changes  of  the  species  would  be  important 
in  evaluating  range  trend  or  for  potential  plant 
control  projects.  In  1:600  scale  color  infrared  photo- 
graphs taken  June  1,  1968  at  the  Manitou  test  site, 
the  species  imaged  12  (slightly  red)  to  11  (very 
red),  and  was  easily  differentiated  from  other  items 
in  the  area.  At  this  time,  few  other  plant  species 
had  initiated  growth  and  consequently  produced 
minimal  infrared  reflectance.  Fringed  sagebrush 
could  be  detected  and  identified  in  the  color  photo- 
graphs, but  image  character  differences  were  not 
as  unique  as  in  the  color  infrared  film. 


Site  and  Treatment  Classification 

Site  distinction  is  an  important  facet  of  any 
range  management  program  involving  measure- 
ment and  interpretation  of  vegetation.  With  aerial 
pHiotographs,  sites  can  be  better  differentiated  if 
vegetation  is  used  as  an  indicator.  The  synoptic 
view  of  an  area  afforded  by  an  aerial  photograph 
is  much  superior  to  the  limited  lov/-angle  oblique 
view  seen  from  the  ground. 

Given  good  quality  black  and  white  panchro- 
matic aerial  photographs  of  the  usual  scale 
(1:20,000),  a  careful  interpreter  can  discriminate 
among  most  sites  on  the  basis  of  image  texture  and 
gray  tone.  The  addition  of  color  introduces  another 
dimension  which  should  decrease  interpretation 
errors  and  increase  the  accuracy  of  discrimination 
among  sites.  There  was  no  apparent  advantage 
favoring  one  or  the  other  of  the  color  photographs 
for  this  purpose.  On  1:4,600  scale  photographs, 
however,  site  delineations  may  be  more  accurate 
and  the  possibility  of  identifying  individual  plants 
may   be   increased   by    using   color  infrared  (fig.  4). 

At  Manitou,  the  test  site  included  an  investiga- 
tion of  various  fertilizer,  herbicide,  and  grazing  treat- 
ments on  vegetation.  Blocks  of  land  75  feet  square 
were  used  for  the  treatments.  Color  differences 
between  treatments  could  bedistinguished  in  1 :2,700 
color  infrared  photographs  taken  in  August,  2  months 
after  treatments  were  applied  (see  page  one). 
Comparisons  with  normal  colorfilm  were  notpossible 
because  camera  malfunctions  resulted  in  atypical 
photographs.  The  facts  that  differences  among  treat- 
ments could  be  discriminated  in  the  color  infrared 
photos,  and  that  individual  species  could  be  identi- 
fied in  larger  scale  photographs  of  the  same  type, 
suggest  treatment  effects  might  be  assessed  directly 
from  aerial  photographs.  Ground  conditions  at  an 
instant  in  time  could  be  recorded  on  film  and  later 
analyzed  in  the  office,  which  would  alleviate  the 
perpetual  problem  of  time-dependent  field  measure- 
ments confounded  by  seasonal  changes  in  the 
vegetation. 


Other  Habitat  Features 

Rodents    are    often   harmful    to   rangelands,    es- 
pecially  when   population   densities   are   high.     For 


example,  average  populations  of  northern  pocket 
gophers  (22  per  acre)  in  the  vicinity  of  the  Black 
Mesa  site  have  been  estimated  to  consume  nearly 
300  pounds  of  air-dry  herbage  per  acre  each  year 
(Colorado  Cooperative  Pocket  Gopher  Project  1960). 
During  expected  population  increases,  common  on 
the  test  site,  these  rodents  would  consume  a  sig- 
nificant   amount    of   the   total    herbage   production. 

Gopher  casts  and  mounds  were  easily  detected 
on  the  1:600  scale  photos  of  the  Black  Mesa  test 
site.  The  casts,  "ropes"  of  soil  deposited  on  the 
ground  surface  after  spring  snowmelt,  were  most 
easily  identified  in  early  June  photographs.  Fresh 
mounds,  most  conspicuous  in  late  summer  to  early 
fall  when  young-of-the-year  are  establishing  inde- 
pendent burrow  systems,  were  easily  identified  in 
photos  taken  October  1,  1968.  They  seemed  more 
apparent  in  the  color  infrared  film,  since  some 
images  of  plants  in  the  regular  color  photographs 
appeared  similar  to  the  mound  images  (fig.  5). 
The  vegetation  at  that  time  of  year  still  reflected 
sufficient  infrared  that  it  registered  pink  in  the 
infrared  film,  compared  with  the  brownish  image 
color  of  the  mounds.  Since  pocket  gopher  mounding 
is  closely  related  to  population  dynamics  (Reid 
et  al.  1966),  this  type  of  photography  could  be 
used  to  monitor  population  changes  on  a  broader 
basis  than  ground  surveys.  Relative  amounts  of 
mounding  activity  were  also  identifiable  in  1:2,400 
scale  photographs. 

Many  other  items  in  the  range  environment 
were  identifiable  in  the  photographs.  Ant  mounds 
12  inches  in  diameter  appeared  cone  shaped,  differ- 
ent from  irregularly  shaped  gopher  mounds,  in 
1:1,000  scale  photos.  Surface  entrances  to  burrow 
systems  of  ground  squirrels  at  the  Manitou  test 
site  were  identifiable  in  1:600  scale  photographs. 
Continuous  herbaceous  litter  cover  and  dead  shrub 
crowns  were  generally  easier  to  detect  on  the  color 
infrared  photos,  due  primarily  to  the  light  gray 
image  color. 

Deer  carcasses  at  the  Kremmling  site  were  iden- 
tifiable in  both  film  types  at  scales  up  to  1:4,000 
regardless  of  when,  during  the  growing  season,  the 
photographs  were  taken.  They  were  more  obvious 
on  the  color  infrared  compared  to  color  photos 
because  of  greater  conrrasi  between  (1)  the  reddish- 
imaged  vegetation  and  the  nearly  white-imaged 
carcass  versus  (2)  greenish-imaged  vegetation  and 


the  light  yellowish-brown-imaged  carcass.  In  addi- 
tion, carcasses  of  the  current  year  could  be  dis- 
tinguished from  carcasses  of  the  previous  year  on 
color  infrared  photographs  taken  in  late  spring  or 
early  summer.  Decay  of  the  carcass  over  a  year 
coupled  with  winter-spring  moisture  apparently  ferti- 
lized plants  immediately  adjacent  to  the  carcass. 
This  enhanced  the  infrared  reflectance  of  the  vege- 
tation, and  resulted  in  a  bright  red  halo  around  the 
year-old  carcass,  a  phenomenon  not  found  with  a 
fresh  carcass.  Thus,  large-scalecolor  infrared  photog- 
raphy may  be  feasible  for  sampling  current  winter 
deer  mortality. 


Projections 

Color  aerial  photography  adds  a  new  view  to 
measurement  and  interpretation  of  range  vegetation. 
Interpretation  of  color  infrared  photos  appears  to 
offer  most  promise  for  detection  and  identification 
of  individual  plants.  Neither  film  type  shows  a 
definite  advantage  over  the  other  for  discriminating 
among  sites  or  vegetation  types. 

Successful  interpretation  of  aerial  color  photos 
depends  on  season  of  year  the  photos  were  taken, 
which  is  related  to  phenology,  size  of  the  plant, 
associated  vegetation,  and  denseness  of  the  stand. 
Time  of  day  (sun  angle)  and  growth-habit  variations 
among  species  also  affect  image  characteristics, 
and  need  additional  investigation.  Equally  important 
is  the  fact  that  there  is  no  one  optimum  time  during 
the  growing  season  to  procure  photography  for  inter- 
pretation of  the  many  items  in  the  complex  range 
environment.  The  selection  of  a  time  or  times  for 
photo  missions  depends  on  the  objective  of  a  job. 
For  example,  if  the  object  is  to  monitor  population 
changes  of  geranium  on  Black  Mesa,  mid-August 
photography  is  satisfactory.  If  the  object  is  to 
determine  the  degree,  extent,  or  changes  in  pocket 
gopher  activities,  however,  aerial  photographs 
should  be  taken  in  late  summer  or  early  fall. 

The  70-mm  photographic  system  used  for  this 
study  must  be  considered  a  sampling  tool.  The 
camera  system  was  developed  primarily  to  take 
photographs  from  low-flying  aircraft.  Due  to  the 
relatively  small  film  format,  70-mm,  by  70-mm 
(2%-inch  by  2y4-inch),  and  the  narrow  angle  of  view 


of  the  lens,  a  single  frame  does  not  provide  the 
synoptic  view  of  the  landscape  otherwise  recorded 
with  conventional  aerial  camera  systems.  Conse- 
quently, sampling  techniques  need  to  be  developed 
whereby  70-mm  photography  is  used  to  sample 
strips  of  the  landscape  photographed  simultaneously 
on  film  of  conventional  format. 

The  use  of  color  aerial  photography,  especially 
large  scale,  for  rangeland  vegetation  inventory  and 
surveillance  is  new.  Many  problems  are  yet  to  be 
solved.  It  is  not  expected  that  all  plant  species 
would  be  identifiable  or  even  detectable  in  the 
photographs  because  of  small  plant  size  and  reso- 
lution of  the  photographic  system.  The  resolution 
threshold  for  individual  plants  or  plant  groupings, 
and  when  during  the  growing  season  specific  plants 
can  be  consistently  identified  with  an  acceptable 
degree  of  accuracy,  need  to  be  determined.  We 
also  need  to  determine  whether  the  photographic 
image  of  a  species  differs  among  locations  where 
it  grows. 

More  latitude  may  be  tolerated  in  seasonal 
procurement  of  photographs  to  identify  plant  com- 
munities or  sites,  since  images  of  the  total 
community  system  rather  than  individual  species 
are  of  interest.  Additional  work  is  needed  to  deter- 
mine when  during  the  year  community  systems 
might  best  be  differentiated. 

Perhaps  the  most  fundamental  problem  in  use 
of  color  aerial  photography  at  any  scale  for  range- 
land  vegetation  inventory  and  measurement  is  repli- 
cation. To  be  completely  useful,  such  photography 
should  monitor  changes  in  vegetation  over  time 
from  place  to  place.  However,  quality  control  is 
not  yet  adequate  in  the  manufacture,  exposing,  pro- 
cessing, or  reproduction  of  the  aerial  photograph 
to  assure  consistent  duplication  of  image  color. 
In  all  cases,  ground  sampling  is  essential  in  con- 
junction with  photointerpretation. 

It  is  conceivable  that  the  use  of  color  aerial 
photography  to  provide  rangeland  resourceinforma- 
tion  is  a  new  area  of  research,  in  which  new  con- 
cepts must  be  developed  and  tested.  It  is  con- 
ceivable that  rapidly  acquired  color  aerial  photo- 
graphs could  be  coupled  with  automated  interpre- 
tation and  quantification  systems  controlled  by 
ground  sampling  to  provide  better  information  at 
less  cost  than  ground  sampling  alone. 
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Common  and  Botanical   Names  of  Plants  Mentioned 


-ACK  MESA: 

Fescue,   Idaho 

Fescue,  Thurber 
-iPleabane,  aspen 
[Geranium,   Fremont 

\NITOU: 

Fescue,  Arizona 
I  Grama,  blue 
Pussytoes 
Sagebrush,   fringed 

lEMMLING: 

Bitterbrush,  antelope 
Rabbitbrush 


Festuaa  idahoensis   Elmer 
Festuoa  thurberi   Vasey 
Evigeron  maaranthus   Nutt. 
Geranium  fremontii   Torr. 


Festuaa  arizoniaa   Vasev 
Bouteloua  gvaailis   (H.B.K.)  Lag. 
Antennaria   sp. 
Artemisia  frigida   Willd. 


Puvshia  tridentata   (Pursh)  DC. 
Chrysothamnus   sp. 


Sagebrush,  alkali 
Sagebrush,  big 
Snakeweed,  broom 


Snowberry 

McCOY: 

Juniper,  Rocky  Mountain 
Mountainmahogany,  true 
Pine,  pinyon 
Sagebrush,  big 


Artemisia   longiloha   (Osterhout)  E 
Artemisia   tridentata   Nutt. 
Gutierrezia  sarothrae   (Pursh)  Br 
Rusbv 

Symphoriaarpos   sp. 


Juniperus  soopulorum   Sarg. 
Ceraooarpus  montanus   Raf . 
Pinus  edulis   Engelm. 
Artemisia  tridentata   Nutt. 


.crkultare  —  CSU,  Ft.  Colliiu 


Abstract 


Soil  piping  processes  and  soil  development  were  studied  as  a 
result  of  combined  pipe  and  gully  actions.  Soils  from  gully  side 
slopes  with  and  without  pipes  showed  a  highly  significant  differ- 
ence in  exchangeable  sodium  percentage  (ESP).  Piping  soils  had 
a  layer  permeability  2  to  1  2  percent  of  that  of  soils  without  pipes. 
Both  soils  were  fine  textured.  The  interior  of  one  soil  pipe  was 
thoroughly  inspected,  surveyed,  and  photographed  from  inlet  to 
outlet.  Based  on  the  survey,  and  chemical  and  mechanical 
analyses,  it  is  proposed  that  soil  pipes  on  the  Alkali  Creek  water- 
shed developed  mainly  from  soil  cracks.  Other  causes  such  as 
rodent  holes  or  dead  root  canals  are  presumed  possible,  but  were 
not  verified.  Gullies,  high  exchangeable  sodium  percentage,  low 
gypsum  content,  and  fine-textured  soils  with  montmorillonite  clay 
appear  to  be  prerequisites  to  the  formation  of  soil  pipes  on  the 
study  area. 

ESP  was  significantly  higher  in  piping  soils  in  place  than  in 
those  fallen  from  the  gully  side  slopes.  ESP  decreased  also  with 
increasing  time  since  fall.  Natural  reclamation  of  the  fallen  soils 
led  to  processes  initiating  gully  stabilization. 

KEY  WORDS:      Gullies,   soil   erosion,   soil    permeability,   soil 
stabi lization. 
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Characteristics  and  Processes  of  Soil  Piping  in  Gullies 


Burchard  H.   Heede 


Present  Knowledge 

The  piping  of  soils  has  been  recognized  on  differ- 
ent continents  for  several  decades.  This  type  of 
erosion,  in  which  the  soil  is  carried  away  by  water 
running  through  holes  in  the  ground,  has  also  been 
called  pseudokarst,  tunneling  erosion,  and  pothole 
erosion. 

A  thorough  knowledge  of  the  processes  involved 
in  soil  piping  is  necessary  for  successful  and  eco- 
nomical control  projects,  especially  in  the  Southwest 
where  soil  pipes  occur  frequently.  This  paper  pre- 
sents a  comparison  of  soils  from  sites  with  and 
without  pipes.  On  the  basis  of  chemical  and 
mechanical  analyses,  permeability  tests,  topographic 
surveys,  and  thorough  visual  inspections,  some  of 
the  older  hypotheses  on  soil  piping  are  verified, 
others  rejected.  Soil  piping  was  observed  on  the 
study  area  for  more  than  4  consecutive  years. 
During  this  time  a  complete  topographic  survey  of 
a  soil  pipe,  pictures  of  its  interior,  and  analyses 
of  soil  and  sediment  samples  from  the  interior  and 
from  flows  through  the  pipe  were  made.  These 
observations  indicated  that  piping  may  not  only 
lead  to  a  karstlike  topography  along  gullies,  but 
may  indeed  help  induce  reclamation  of  the  soils. 
Based  on  this  hypothesis,  a  second  study  was  initi- 
ated to  show  the  influence  of  piping  on  soil  recla- 
mation in  gullies. 


Literature 

The  literature  on  soil  piping  and  hypotheses  on 
the  piping  processes  were  thoroughly  reviewed  by 
Brown  (1961)  and  therefore,  need  not  be  repeated 
here.  Where  pertinent,  older  investigations  will  be 
referred  to  in  the  text.    Reviewed  here  will   be  only 


that  literature  which  relates  soil  characteristics  to 
soil  piping. 

The  role  of  sodium  in  the  processes  of  dispersion 
and  flocculation  of  soils  was  studied  some  40  years 
ago  on  the  high  plateau  of  Colorado,  Utah,  and 
Wyoming,  and  in  the  sediment  load  of  Colorado 
River  water  (Breazeale  1926).  This  study  demon- 
strated that  erosion  hazards  may  be  drastically 
increased  by  the  presence  of  sodium,  which  in- 
creases the  dispersibility  of  soils.  In  recent  field 
experiments  on  the  erodibility  of  some  South  African 
soils,  Hiemstra  (1965)  could  distinguish  between 
relatively  stable  (less  erodible)  and  unstable  soils 
by  their  sodium  content.  While  stable  soils  con- 
tained extractable  sodium  cations  of  0.1  meq./lOOg., 
unstable  soils  had  between  0.2  and   1 .2  meq./IOOg. 

The  influence  of  sodium  on  the  dispersion  and 
permeability  of  soils  has  been  studied  by  several 
researchers.  They  demonstrated  that  the  type  of 
sodium  compound  as  well  as  the  level  of  saturation 
of  the  soil  influence  soil  permeability.  Thus,  Ramdas 
and  Mallik  (1947)  found  in  India  that  a  5  percent 
solution  of  sodium  chloride  and  a  1  percent  solution 
of  sodium  carbonate  each  increased  permeability 
four  times.  In  England,  Quirk  and  Schofield  ( 1  955) 
saturated  soils  with  sodium  ions  by  passing  molar 
sodium  chloride  solution  through  them  for  12  hours. 
When  this  solution  was  replaced  by  more  dilute 
solutions  of  sodium  chloride,  in  each  case  perme- 
ability decreased  with  time  throughout  the  observa- 
tion period  of  5  hours.  This  decrease  was  thought 
to    result    from    swelling,    and   then   deflocculation. 

In  canal  sealing  studies,  clays  with  high  sodium 
content  were  found  to  produce  a  desirable  high 
degree  of  dispersion  of  the  channel  soils  (Dirmeyer 
and  Skinner  1964).  Swelling  and  dispersion,  along 
with  other  processes,  are  associated  with  the  struc- 
tural breakdown  of  soils.  Their  combined  effects 
can  be  expressed  in  an  air-water  permeability  ratio. 
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This  ratio  was  introduced  by  Reeve  (1953)  as  an 
expression  of  the  stability  of  soil  structure,  who 
found  that  the  permeability  ratio  increased  expon- 
entially with  increasing  exchangeable  sodium  (Reeve 
et  al.  1954).  When  the  ratio  was  tested  later  on 
seven  different  soils,  it  was  shown  again  that  ex- 
changeable sodium  has  a  marked  effect  on  the 
stability   of  soil  structure  (Brooks  and  Reeve  1959). 

The  importance  of  sodium  in  soil  piping  processes 
has  been  considered  by  only  a  few  investigators 
(Brown  1961,  Fletcher  et  al.  1954).  These  authors 
advanced  the  hypothesis  that  sodium  is  a  con- 
tributing factor  to  the  severity  of  piping,  but  not 
a  necessary  constituent  for  the  occurrence  of  pipes. 
They  were  led  to  the  second  thought  by  the  range 
in  values  of  sodium  at  locations  where  piping  is 
prevalent.  Parker  and  Jenne  (1967),  without  pre- 
senting data,  state  that  high  percentages  of  ex- 
changeable sodium  can  be  responsible  for  the  occur- 
rence of  pipes,  but  that  large  amounts  are  not  pre- 
requisite in  all  cases,  and  conclude  that  such  cases 
of  piping  may  occur  "due  to  subsidence,  loess,  and 
possibly  other  low-density  previously  unsettled  earth 
materials."  Nearly  all  investigators  stated  that  the 
processes  of  soil  piping  lead  to  a  widening  of 
gullies.  Leopold  et  al.  (1964)  reported  soil  pipes 
to  be  an  important  element  in  the  headward  ex- 
tension of  discontinuous  gullies.  Where  pipes  were 
located  up-valley  from  the  head  cut,  the  up-valley 
progression  of  the  head  cut  was  accelerated  by  the 
piping  processes.  Since,  as  these  authors  observed 
in  New  Mexico,  the  pipes  often  extend  into  the 
ungullied  alluvium  for  distances  of  several  hundred 
feet,  tributary  gullies  will  form  by  the  collapse  of 
tunnels  extending  from  the  gully  side  walls. 

Natural  reclamation  of  soils  was  first  reported 
from  the  Solonetz  regions  of  southern  Russia 
(Vilenskii  1957)  where,  due  to  increases  in  steppe 
or  meadow  vegetation,  the  soils  were  enriched 
in  organic  matter  and  calcium.  This  enrichment, 
in  turn,  led  to  a  gradual  transformation  toward 
chernozemic  and  chestnut  soils. 

Apparently  absent  from  the  literature  on  piping 
are  references  to  (a)  surveys  of  soil  pipe  geometry, 
both  external  and  internal,  (b)  analyses  of  soils  from 
pipe  walls,  (c)  local  variations  in  soil  characteristics 
as  related  to  presence  or  absence  of  pipes,  (d)  fre- 
quency and  magnitude  of  pipe  flows,  (e)  character 
of  sediment  yielded  from  pipes,  (f)  chronology 
of  pipes,  and  (g)  influence  of  pipes  on  soil 
development. 


The  Study 


Study  Area 


The  study  area  is  located  on  the  upper  Alkali 
Creek  watershed  of  the  Rifle  Ranger  District,  White 
River  National  Forest,  20  miles  south  of  the  town 
of  Silt,  Colorado.  The  area  is  part  of  the  Uinta 
Basin  of  the  Colorado  Plateau  Province,  and  repre- 
sents a  dissected  plateau  with  strong  relief.  Gullies 
carry  water  only  during  spring  snowmelt  andintense 
summer  storms.  Rocks  of  the  watershed  are  tertiary 
sandstones  and  shales  of  the  Wasatch  formation, 
which  consists  chiefly  of  variegated  clay  shale  and 
irregular,  crudely  bedded  sandstone  (Fox  and  Nishi- 
mura  1957).  In  general,  the  soils  are  predominantly 
formed  from  fine-textured,  loose,  unconsolidated 
shales  with  an  admixture  of  sand  from  beds  of 
sandstone.  Although  the  regolith  is  generally  rather 
thin,  alluvial  deposits  in  excess  of  6-foot  depth  are 
found  on  the  main  valley  bottom.  Soil  piping  is 
most  extensive  here.  The  area  is  representative 
of  the  oakbrush-sagebrush  grasslands  of  the  Western 
Slope  of  the  Rocky  Mountains  in  Colorado.  Pre- 
cipitation, the  only  climatic  factor  measured  on  the 
study  area,  averaged  18.5  inches  in  1962  and  1963. 


Study  Method 

The  study  consisted  of  two  parts.  The  first, 
an  investigation  of  soil  piping  processes  themselves, 
lasted  from  1962  to  1967.  The  second  part,  con- 
cerned with  soil  development  as  a  result  of  com- 
bined piping  and  gully  processes,  was  terminated 
in  1968. 


Processes 

For  the  study  of  piping  processes,  three  soil 
pipes  were  selected  whose  inlets  and  outlets  could 
be  clearly  identified.  For  two  of  the  pipes,  catch- 
ment devices  were  designed  to  collect  the  water  and 
sediment  leaving  the  pipes  (fig.  1).  These  devices 
consisted  of  a  large,  flat  funnel  connected  to  two 
55-gallon  drums.  The  upper  side  of  the  funnel 
which  could  be  removed  for  cleaning,  prevented 
rain  or  snow  from  entering  the  system.  The  lower 
edge  of  the  funnel  was  placed  flush  with  the  bottom 
of  the  soil  pipe  without  changing  the  general  charac- 


2   - 


n.  ir  ** 


FlguA^  1.--Coll^cXon.  {^anneZ  with  ccutckmtnt 
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teristics  of  the  outlet.  When  an  observer  was 
present,  flow  was  collected  with  an  ordinary  milk 
bottle.  Soil  samples  were  collected  from  gully 
side  slopes  with  and  without  soil  pipes.  The  side 
slopes  were  sampled  at  different  elevations  to  demon- 
strate development  of  soil  characteristics  with  depth. 
The  full  interior  length  of  a  pipe  was  surveyed 
and  photographed,  and  soil  samples  were  taken  from 
interior  walls.  To  minimize  danger,  it  was  surveyed 
in  autumn  when  the  soils  were  dry.  The  narrow- 
ness of  pipes  on  Alkali  Creek  made  the  survey 
a  difficult   one-man   task  (fig.  2).     Thirteen  samples 


flguA^  2.--Vloofi  plan  and  izction  o{,  ioU, 
plpz  1.  The  CA066  6tcJu.on  o^  the.  gully 
{>hom  the  layout  oi  the  pipe  relative  to 
the  channel.  Note  that  the  height  o{,  the 
pipe  l6  much  laAgeA  tiian  Iti  width,  and 
that  the  pipe  outlet  l6  above  the  gully 
bottom. 

Pipe  inlet  on  gully  side  slope 
5  ft  above  floor  of  pipe 


were  removed  from  the  interior  of  the  pipe.  All 
soil  and  sediment  samples  were  subjected  to  chemi- 
cal and  mechanical  analyses,  and  permeability  tests. 
For  the  latter,  fragmented  samples  were  used  (Dir- 
meyer  and  Skinner  1964).  The  Soils  Testing  Labora- 
tory at  Colorado  State  University  chemically  and 
mechanically  analyzed  the  soils  according  to  the 
procedures  outlined  in  USDA  Agriculture  Handbook 
60  (U.  S.  Salinity  Laboratory  Staff  1954).  Sediment 
concentrations  were  calculated  for  the  pipe- 
flow  samples. 

Soil  Development 

For  the  investigation  on  reclamation  of  soils, 
samples  were  collected  from  each  of  four  locations 
with  a  piping  side  slope  and  soils  fallen  from  these 
slopes.  The  fallen  material  was  categorized  into 
soil  blocko,  small  colluvial  cones,  and  soils  fallen  on 
the  side  slope  opposite  from  the  piping  bank. 


Soil  blocks  were  formerly  parts  of  Solonetz 
columns  that  had  broken  from  the  piping  slopes. 
These  blocks  (each  1  cubic  foot  or  more  in  volume) 
were  almost  intact,  although  they  showed  small 
seams  and  cracks  caused  by  the  impact  of  the  drop. 
The  time  since  fall  was  known  to  have  been  not 
much  greater  than  3  years. 

The  small  colluvial  cones  consisted  of  soil  par- 
ticles ranging  in  diameter  from  sand  to  about  1 
inch.  The  cones  were  formed  below  small  chutes 
on  the  piping  slopes  by  deposition  of  soil  particles 
that  had  been  moved  by  gravity,  frost  action,  ani- 
mals, and  other  forces. 

Soils  fallen  on  opposite  side  slopes  contributed 
the   largest   volumes— as   much   as    15   cubic   yards. 

The  original  soil  columns  of  the  alluvial  soils 
were  completely  shattered  when  dropped  or,  in 
one  case,  destroyed  by  erosion  a  few  years  later. 
Normally,  vegetation  grew  on  these  dumps.  To 
some  extent,  the  loose  material  below  and  opposite 
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from  the  piping  slopes  represented  different  degrees 
of  bothi  destruction  of  the  original  soil  structure 
and  mixing  of  the  piping  soils.  The  material  fallen 
from  the  wall  opposite  the  piping  slopes  showed 
the  strongest  degree  of  aggregate  destruction  and 
mixing.  The  material  from  colluvial  cones  showed 
less  change.  Soil  blocks  were  little  changed.  For 
the  purpose  of  this  study,  piping  side  slopes  were 
classed  as  intact. 


Results 
Layout  of  a  Representative  Soil  Pipe 

Soil  pipe  No.  I  was  selected  for  detailed  sur- 
veys because  its  size  allowed  physical  inspection 
of  the   pipe    interior,    and  additional  data  on  soils, 


sediment,  ond  flows  were  available.  The  pipe  was 
also  regarded  as  representative  of  many  others  on 
the  area.  The  pipe  did  not  follow  a  straight  line 
from  the  pipe  inlet  to  the  gully  (fig.  2).  hieight 
within  the  pipe  was  two  to  six  times  greater  than 
width.  This  ratio  is  typical  for  pipes  investigated 
in  the  study  area.  Also  typical  is  the  pipe  gradient 
from  inlet  to  outlet.  The  pipe  begins  with  a  nearly 
vertical  segment,  then  enters  into  a45-degree  reach, 
and  ends  with  a  gentle  gradient  of  a  few  degrees. 
The  inlet  of  the  pipe  was  located  outside  the  gully 
until  the  side  slope  slid  into  the  gully,  about  3  years 
before  the  survey.  The  cause  of  the  slide  is  un- 
known. The  inlet  is  now  on  the  gully  side  slope 
(fig.  3)  3  feet  above  gully  bottom.  Not  one  pipe 
was  found  on  the  area  with  its  outlet  close  to 
channel  floor  elevation.  This  pipe  is  located  entirely 
in  alluvial  soil  with  very  pronounced  strata  (fig.  4). 
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Characteristics  of  Piping  and  Nonpiping  Soils 

Piping  soils  had  o  significantly  higher  exchange- 
able sodium  percentage  (ESP)  and  sodium  adsorption 
ratio  (SAR)  than  nonpiping  soils  (table  1).  ESP  is 
the  degree  of  saturation  of  the  soil  exchange  com- 
plex with  sodium,  and  may  be  calculated  by  the 
formula: 

Exchangeable  sodium  (meq./lOO  g.  soil) 

Cation  exchange  capacity  (meq./lOO  g.  soil) 
X  100 


SAR  is  calculated  from; 


Na 


SAR  = 


/ 


(Ca^^  +  Mg^^)/2 


where  the  ionic  concentrations  of  the  saturation  ex- 
tract are  expressed  in  terms  of  milliequivalents  per 
liter.  While  all  exchangeable  sodium  percentages 
for  nonpiping  gully  side  slopes  were  less  than  1.0, 
those  for  the  piping  slopes  were  greater  than  1.0 
and  averaged  12.0.  Susceptible  soils  also  differed 
from  nonpiping  soils  in  pH  and  gypsum  content. 
Because  the  higher  pH  of  piping  soils  is  due  to  their 
higher  ESP's,  pH  must  be  regarded  as  a  dependent 
variable.    The  highly  significant  differenceingypsum 


appears  not  to  be  meaningful  because  the  amount 
of  gypsum  is  too  low  to  exert  a  tangible  flocculating 
influence  on  the  predominantly  sodium-influenced 
soil.  Larger  segments  of  the  gullies  were  sampled 
intensively  for  gypsum,  but  nogreaterconcentrations 
were  found.  Calcium  carbonate  was  present,  but 
under  the  prevailing  conditions  was  probably  not 
effective  because  of  its  small  amounts  and  low 
solubility. 

Piping  soils  had  a  statistically  greaterconductivity 
than  stable  soils,  bul  the  conductivity,  a  measure 
of  soluble  salt  in  the  soil,  was  not  high  enough  in 
the  majority  of  these  soils  for  them  to  be  considered 
saline.  With  the  exception  of  one  sample,  analyses 
of  the  cations  present  in  the  saturation  extract  of 
the  piping  soils  showed  a  great  excess  of  soluble 
sodium  over  calcium  and  magnesium.  Sodium  ion 
concentration  averaged  12.2  milliequivalents  (meq.) 
per  liter  (standard  error  of  the  mean  2.6)  while 
mean  calcium  plus  magnesium  ion  concentration 
was  1 .4  meq. /I .  (standard  error  0.2)  for  I  2  samples. 
Potassium  ions  were  not  found  in  significant  amounts. 

With  such  high  soluble  sodium  levels  relative  to 
those  of  calcium  and  magnesium,  the  piping  soils 
contained  sufficient  sodium  to  insuredispersion  when 
water  moved  through  them.  In  contrast,  the  stable 
soils   did   not  contain  enough  sodium  for  dispersion 


Table   1 . --Comparison  of  soils  with  and  without  pipes 


Soi  Is 


Conduc-     Moisture 


Tex- 


percentage 


ratio 


Number 


r     .  .^      Sodium 

Exchangeable  -,j^„  „  u 

sodium            ..    '''^'  ,P  r^   Gypsum  tivity  at  at  satu-     Sand     Silt     Clay     tural          of 

^^°"  ^'-^^                     25°  C.       ration                                          class     sampl 


mples 


Without  pipes 
(Stable) 
Average 

Standard 
error  of 
the  mean 

With  Dipes 
(Unstable) 
Average^ 

Standard 
error  of 
the  mean 


-1.0 


0.4 


.07 


meq./ 
100  g. 


7.6   0.7 


mmhos/ 
cm. 


0.5 


.14 


.06 


,05 


12.0**   10.7**  8.9**  1 .6** 


2.27 


2.0 


17 


19 


1.7^ 


.37 


Percent  - 


45.1   25.4  26.8  47.8    Clay    19 


1.35   2.53  1.33  2.13 


38.7   30.7  23.5  45.8    Clay    13 


3.16   4.05  2.39  2.87 


'Statistically  significant  differences  between  soils  with  and  without  nines: **hiqhlv  significant: 
*signif icant. 

^For  ease  o-^  statistical  calculations,  a  mean  of  1.0  instead  of  -'1.0  and  a  standard  error  of  0.0 
were  used. 
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and  swelling  to  take  place.  Since  both  piping  and 
nonpiping  soils  were  clay,  there  was  no  significant 
difference  in  the  mechanical  analyses.  Soil  moisture 
at  saturation  is  dependent  on  the  amount  of  clay 
in  these  soils,  and  therefore  was  also  not  sig- 
nificantly different. 

Nonpiping  side  slopes  had  a  moregentlegradient 
and  were  well  covered  by  vegetation.  In  contrast, 
piping  gully  side  slopes  were  steep,  unstable,  had  a 
"sugary"  soil  surface,  and  usually  had  no  or  some- 
times very  sparse  vegetation. 

To  trace  the  origin  of  the  sodium  in  the  soils, 
samples  from  shale  of  the  Wasatch  formation,  under- 
lying the  alluvial  soils,  were  analyzed.  Values  for 
ESP  and  SAR  were  high  in  all  samples  (table  2) 
and  indicate  that  the  shale  delivered  most  of  the 
sodium  to  the  soils.  Gypsum  content  was  low,  as 
in  the  alluvial  soils.  The  shale  had  high  pH  values 
due  to  the  influence  of  the  sodium. 

Soil  samples  from  four  different  levels  were 
collected  and  analyzed  to  test  whether  chemical 
characteristics  and/or  particle  size  distribution  of 
the  soils  with  pipes  differed  with  depth  (table  2). 
With  the  exception  of  the  sample  from  1-foot  depth 
at  pipe  I ,  all  values  for  ESP  were  greater  than  1 .0. 
All  pipes  showed  somecontinuousdecreaseof  sodium 
with  depth  after  the  maximum  value  was  obtained 
about    half-way    between    brink    of   bank    and    gully 


bottom.  Yet,  none  of  the  lower  levels  had  values 
close  to  those  of  stable  gully  side  slopes,  and  there 
was  no  tendency  for  greater  soil  dispersion  adjacent 
to  or  beneath  the  pipe  outlets.  Gypsum  consent 
was  very  low  in  all  samples.  Variations  in  the 
mechanical  composition  of  the  soils  by  depth  were 
small.  Soils  from  the  inlet  and  outlet  of  pipe  I 
showed  close  agreement  between  ESP,  gypsum  con- 
tent, and  texture,  and  the  values  did  not  deviate 
significantly  from  those  of  the  depth  samples. 
Samples  from  the  interior  of  pipe  1  at  a  location 
about  10  feet  below  the  ground  surface  and  12.5 
feet  inside  the  gully  side  slope,  as  measured  from 
the  pipe  outlet,  were  also  high  in  exchangeable 
sodium  and  low  in  gypsum  (table  2). 

It  is  noteworthy  that  cloudburst  storms  did  not 
produce  pipe  flows.  The  pipes  supported  flows 
only  during  spring  snowmelt.  Two  samples  from 
these  flows  carried  large  sediment  loads  with  much 
greater  concentrations  of  sodium  (140  p. p.m.)  than 
calcium  (10  p. p.m.)  or  magnesium  (18  p.p.m.).  Since 
the  loads  were  derived  from  soils  of  the  piping 
slopes,  the  sediment  deposits  in  the  catchments 
below  pipes  had  ESP  values  greater  than  1.0,  high 
phi,  weak  conductivity,  and  low  gypsum  content 
(table  2).  The  deposits  were  relatively  high  in 
silt  content  due  to  the  ease  of  removal  by  flows 
of  small  magnitudes. 


Table  2. --Supplementary  soil    analyses,  with  mean   and  standard  error   (S.E. 


Exchan 

qeable 

Sodium 

Conduc- 

Number 

Source 

sod 

ium 

adsorntion 

tivity 

at 

Rypsum 

dH 

of 

of 
soil 

percentage 

rat 

io 

25°C. 

samples 

Mean 

S.E. 

Mean 

S.E. 

Mean  S. 

E. 

Mean 

S.E. 

Mean 

S.E. 

mmhos/cm 

. 

meo./lOOq. 

Shale  parent  material 

17.9 

1.5 

15.7 

1.5 

0.8   0 

.1 

0.9 

0.49 

9.7 

0.09 

4 

Gul ly  side  slopes: 

Brink 

11.2 

9.5 

11.2 

9.3 

1.1 

.8 

.1 

.04 

-- 

-- 

6 

Midway 

26.7 

1.9 

25.6 

2.4 

1.7 

.3 

.2 

.06 

-- 

-- 

6 

Pipe  outlet 

16.0 

3.4 

14.2 

3.3 

.8 

.2 

.1 

.03 

-- 

-- 

6 

Bottom 

11.4 

3.8 

10.0 

3.2 

.5 

.2 

.1 

.03 

-- 

-- 

6 

Alluvial  layers  inside  p 

ipe  10.1 

1.2 

8.7 

1.0 

2.6 

.5 

.2 

.03 

9.5 

0.03 

13 

Pipe  inlet 

13.1 

2.8 

11.1 

2.5 

1.9 

.6 

1.8 

1.0 

8.6 

.4 

2 

Pipe  outlet 

14.8 

7.5 

13.3 

7.0 

2.2 

.8 

1.4 

.2 

8.9 

.2 

2 

Sediment  from  oipe  flow 

7.2 

1.6 

6.2 

1.3 

-- 

-- 

-- 

-- 

8.6 

.0 

2 

Deposited  below  pipes' 

10.3 

.4 

8.7 

.4 

.9 

.07 

.1 

.01 

9.4 

.04 

10 

"   --   "   indicates   not  applicable. 

^From  snowmelt  flow  during  springs  of  1964  and  1965   from  soil    pipe   1 
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characteristics  of   Piping   Soils 
in  Place  and  Fallen 


If  ESP  is  expressed  as  o  function  of  soil  dis- 
turbance (fig.  5),  the  decrease  from  undisturbed 
soils  (piping  slopes)  to  the  most  disturbed  soils 
(falls  on  slopes  opposite  from  piping  banks)  is  sta- 
tistically significant.  According  to  conventional  prac- 
tice (U.  S.  Salinity  Laboratory  Staff  1954),  the  deter- 
mination of  Solonetz  soils  is  bosed  on  ESP  and  con- 
ductivity. It  was  therefore  not  surprising  to  find 
that  occurrence  of  Solonetz  was  greatest  in  the 
least  disturbed  soils. 


flows  during  the  previous  2  years.  ESP  of  the 
columns  above  the  openings  and  the  soil  in  the 
piles  were  as  follows: 

Soil  columns  Soil  piles 


17.4 
16,5 


3.9 
6.0 


In  each  case,  values  for  ESP  decreased  with  dis- 
turbance. This  finding  corresponds  with  results  ob- 
tained from  a  recent  study  on  deep  plowing  of 
Solonetz  soils  in  Canada  (Bowser  and  Cairns  1967). 
Deep  plowing,  representing  physical  destruction  of 
the  original  soil  structure,  led  to  an  increased  ex- 
changeable-calcium   to   exchangeable-sodium    ratio. 


Piping  soils  in  place 
Soil  blocks 


Small  colluviol  cones 


Soils  fallen  on 
side  slopes 
opposite  piping 
banks 


Flgut^  5. --Exc/iangeabte   !>odium  ptictntagz  ai 
a  ^imcjtion  o{]  in  placd  and  ^ciULen  piping 

i>0il6. 


Figure-  6.--Cn.oMs   ^amtion  o^  thu  gatlij  iide, 
^topz  w/ie-^e  poAX.  o(^  a 
soil,  coluivn  WM  lo6t. 
Scunpte  oJicai  aie  indi- 
cated by  oAAoivi . 


High  water  mark 


To  demonstrate  the  development  of  ESP  values 
between  soils  related  to  each  other  beyond  doubt, 
two  sites  were  selected  for  sampling  where  part 
of  Solonetz  soil  columns  had  broken  out  naturally 
from  the  gully  side  slopes  about  1  year  before 
sampling.  In  each  case,  an  opening  about  9  inches 
high  had  formed  in  the  column  (fig.  6).  On  the 
bottom  of  the  opening,  loose  material  'rom  the 
column  above  accumulated  in  small  piles.  The 
piles  were  above  the  high-water  marks  of  the  gully 


For  one  location,  time  scales  for  occurrences 
of  soil  falls  were  established  and  ESP  and  con- 
ductivity of  the  saturation  extract  expressed  as  a 
function  of  age  (fig.  7).  In  view  of  the  relatively 
short  periods  involved  (up  to  about  3  years),  the 
decreases  with  time  are  substantial— almost  50  per- 
cent. Such  a  decrease  in  conductivity  reflects  a 
decrease  of  the  salt  complex  in  the  soils.  The  rapid 
decrease  of  the  salts  must  be  explained  primarily 
by  leaching.  The  time  intervals  of  figure  7  should 
be  regarded  as  approximations  to  the  nearest  year. 
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Discussion 


2  Oi- 


Very  recent  (I  year) 
Recent  (2  years) 
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Soil  Piping  Processes 

Of  the  many  hypotheses  advanced  on  thecauses 
and  development  of  pipes,  rodent  burrows  (Carroll 
1949),  canals  formed  by  dead  roots  (Carroll  1949), 
land  denudation  by  overgrazing  (Dov^nes  1946, 
Fletcher  and  Carroll  1948,  Kingsbury  1952)  and  soil 
cracks  (Dov/nes  1946,  Brov/n  1962),  vv'ere  most  fre- 
quently mentioned.  There  is  little  doubt  that  rodent 
holes,  root  canals,  and  deep  soil  cracks  may  lead 
to  the  formation  of  pipes  on  Alkali  Creek  watershed 
if  a  sufficient  hydraulic  gradient  for  runoff  is  pro- 
vided by  a  lower  base  level  such  as  represented 
by  gullies.  But  based  on  the  following  reasoning, 
it  is  suggested  that  on  the  Alkali  Creek  watershed 
a  dispersing  agent  such  as  sodium  must  be  present 
in  the  soils  as  a  prerequisite. 

Older  studies  on  the  area  have  shown  that  the 
clay  has  montmorillonite  structure  (Brown  1961). 
This  type  of  clay  is  characterized  by  a  strong  rate 
of  swelling  and  shrinking,  and  soils  containing  this 
clay  mineral  tend  to  develop  cracks.  Since  the  clay 
content  is  high  in  all  soils  of  Alkali  Creek  water- 
shed, soil  cracks  were  not  confined  to  areas  with 
sparse  or  no  vegetation,  but  were  also  found  in 
areas  with   dense   vegetation   cover.      These   latter 

FiguAz  S.--UpitAecun  viau)  inside,  ioit  pipe   1  cut 
a  loccution   IS   {^ezt  (^Kom  guIZy  iide  i>lope. 
The  nxxZen.  iji  6  inches  long.     Note  the 
noAKoMneJii,  o{^  pipe  neZcLtive.  to  iti>  hei-ght, 
liohich  indicates   (^onmeA  cJie,avage  tine  in  the 
clayey  alluviaZ  ioiti,.     The  pipe  continues 
iMiXh  a  dhoKp  bend  to  tlie  leit. 


figure  7 .--Conductivity  and  ex- 
changeable 6odLium  peficentage 
related  to  age  o{j  i>oU.  (^oLl. 


Older  (3  years ) 


areas  have  nonpiping,  relatively  stable  gully  side 
slopes,  in  spite  of  the  fact  that  deep  soil  cracks 
also  occur  there.  Pipes  do  develop,  however,  on 
gully  banks  and  side  slopes  where  the  ESP  is 
greater  than  1.0,  although  the  exact  breaking  point 
at  which  pipes  may  develop  cannot  be  given.  All 
pipes  detected  on  the  watershed  were  located  close 
to  the  gullies.  No  pipe  inlets  were  found  at  a  dis- 
tance greater  than  25  feet  from  the  present  edge 
of  the  gully. 

The  shape  and  alinement  of  soil  pipe  1  (fig.  2), 
typical  of  pipes  in  the  area,  indicated  that  the 
pipe  followed  a  former  soil  crack.  The  pipe  was 
narrow  (fig.  8)  and,   if  viewed  from  within,   showed 
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the  seam  of  a  continuous  crack  on  its  ceiling,  which 
appeared  to  be  the  remnant  of  the  original  line  of 
cleavage.  Since  the  soils  of  gully  side  slopes  and 
banks  dry  out  much  faster  than  those  of  undissected 
areas  away  from  gullies,  cracks  will  start  at  the 
gullies.  Later  runoff  follows  these  cracks  down  to 
the  channel.  Where  sodium  content  reaches  a  cer- 
tain level,  the  clayey-silty  soils  are  easily  dispersed 
and  carried  into  the  gully.  This  process  leads  to  a 
widening  of  the  crack  at  its  bottom  where  the  water 
runs.  Once  the  hole  is  sufficiently  wide,  the  crack 
above  the  widening  closes  due  to  gravitational 
action  and  a  so-called  soil  pipe  has  been  formed. 
The  capability  of  the  soils  for  arching  is  illustrated 
by  a  natural  soil  bridge  (fig.  9).  In  contrast,  where 
a  dispersing    agent  is  not  available,   erosion  in  the 


cracks    is   so   slow   that   the  cracks   will   close  again 
during  swelling  of  the  soils. 

Wetting  of  the  soils  may  be  as  important  as 
dispersion  for  the  piping  processes.  Laboratory 
experiments  demonstrated  that  the  layer  perme- 
ability of  soils  with  ESP  values  greater  than  1.0 
ranged  between  1 .6  percent  and  1  1 .8  percent  of 
that  of  soils  with  ESP  less  than  1.0  (fig.  10).  This 
means  that  wetting  and,  with  this,  swelling  of  the 
sodium  soils  is  much  slower  than  of  nonsodium 
soils,  and  suggests  that  cracks  in  the  sodium  soils 
remain  open  much  longer.  Also,  more  water  is 
available  for  flows  through  the  cracks  where  the 
ESP  is  higher  because  of  decreased  infiltration  and 
increased  surface  runoff.  The  increased  flow  will 
cause  increased  erosion  in  these  cracks. 


Flgu/L^  9 .--Upifizam  vim  o(^  a  QuLtij  on  Alkatl 
C-reefe  wcutzfUihtd.     Lzngth  o^  n.od  placed  unde.A. 
ncituJial  6olt  bKldQZ  -U,   S.S   {^z^t.     Uiutable 
guLtij  iidz  ilopu  M-iXh  iiolt  piping  typlcaUy 
altiinncutt  lolth  i, table  ilopu  Indicated  by  a 
vegetation  coveA  In  the  filgiit  (^ofiegKoand  and 
In  the  backgfioimd  o^  gaJtly.     Bfildge  appeoju 
to  be  remnant  ^n.om  an  olden,  boll  pipe. 


i 

i 


.015     r 


.010 


.005 


0 


u---rgg^---b»ggi 


m    Vff/H 


Without  pipes 
With  pipes 


I     6     II 
DEPTH  BELOW  GULLY  BANK  (FEET) 


VlguAe  10.--Layen.  penmeablLvty  0()  golly  i>lde 
iilopei,,  i^lth  and  without  6oll  plpe^  by 
depth  below  bank  o^  gaily. 
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At  first,  the  development  of  the  pipe  gradient 
from  extremely  steep  to  very  gentle  appeared 
puzzling.  The  question  arose  as  to  what  caused  the 
breaks  in  gradient,  especially  wheretheflow  seemed 
to  head  deterministically  toward  the  gully  and  did 
not  continue  its  downward  movement.  Since  the 
soils  of  the  lower  part  of  the  gully  side  slopes 
remain  moist  for  a  much  longer  period  of  time  and 
dry  at  a  rate  much  slower  than  those  of  the  upper 
part,  soil  cracks  will  start  above  the  moist  zone 
where  drying  is  very  rapid  after  the  last  runoff 
from  spring  snowmelt  (fig.  11).  Thus,  it  can  be 
assumed  that  the  original  configuration  of  a  soil 
crack  provides  the  longitudinal  profile  characteristic 
for  the  pipe.  Surface  runoff,  entering  a  crack,  will 
be  well  loaded  with  sediment  when  it  reaches  the 
low  part  of  the  pipe.  Due  to  the  gentle  gradient 
there,  velocities  of  flow  will  decrease,  and  in  turn, 
the  load-carrying  capacity  of  the  water  decreases. 
Thus,  the  rate  of  erosion  on  the  bottom  of  the 
lower  pipe  is  small  and,  in  time,  aggradation  will 
occur  instead  of  degradation.  Strata  of  high  dis- 
persion in  a  soil  profile  may  also  act  as  imperme- 
able layers  and  thus  could  be  a  cause  for  the 
changes  in  longitudinal  gradients  of  pipes.  The 
occurrence  of  an  impermeable  substratum  was  pro- 
posed by  earlier  research  (Downes  1946).  Yet  our 
analysis  showed  that  the  exchangeable  sodium  per- 
centage decreased  at  lower  depths  (table  2).  Layer 
permeability  values  for  samples  from  gully  side 
slopes  on  piping  soils  did  not  decrease  for  depths 
greater  than   I    foot  below  the  soil  surface  (fig.   12). 
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FiguAe    ll.--Thz  oatZeX  o{^  holl  pipe,  3,   lo- 
dCLttd  about  4   ^e.zt  abovt  the.  gully  bottom, 
duAtng  the.  ipKtng  i  noMme.lt  o{^    7963.      Rzcunt 
pipe,  {jloio,   exhauAttd  by  tack  oj5  -i^ow  outside 
o{i  the  gully,   caused  the  eKoilon  on  the 
gutty  6lde  i>tope  below  the  outlet.     The  in- 
cA.ea^ed  itope  gnadiient  below  the  pipe  outteJ: 
naJjied  the  toad-cahjuylng  capacity  o{,  the 
pipe  (ftowi  and  thu{>  made  tiili  en.o6lon  poi>i>l- 
ble.     SnoiM  In  the  headioateu  itlll  (^eed  the 
{^tow  In  the  gully.     Note  the  wetting  0^  the 
gully  6lde  6tope  to  the  appn.oxlmate  eleva- 
tion o{,  the  pipe  outlet.     Rulen.  Is  4  Indies 
tong . 


.1000  ^ 
.0100  2 
.0010  K 
.0001  § 
n  ^ 


X       B       C 
PIPE  2 

flguAe   12. --Exchangeable  6odium  peficentage   [ESP]   and  tayen.  penmeabttlty   [LP]   o^  piping  iolt!>, 
by  depth,   ^on.  thn.ee  soli  plpe-i. 

A  =    /   {,oot  betow  gfLOund  iuA(,ace  C  =  bottom  elevation  0(5  pipe  outlet 

E  =  midivay  between  gfiound  i>uA(^ace  and  pipe  outlet        V  =  1   ioot  below  bottom  0^  pipe  outteX 
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Natural  Reclamation  of  the  Piping  Soils 

While  the  analysis  of  the  samples  from  stable 
gully  side  slopes  showed  that  all  samples  were  de- 
rived from  normal  soils,  part  of  the  samples  from 
piping  side  slopes  represented  Solonetz,  if  conven- 
tional guidelines  (U.S.  Salinity  Laboratory  Staff  I  954) 
were  applied.  These  guidelines  propose  a  division 
of  soils  into  sodium  and  nonsodium  at  15  percent 
exchangeable  sodium.  This  practice  has  been  ques- 
tioned since  experiments  have  shown  that,  as  the 
exchangeable  sodium  increases,  the  permeability 
to  solutions,  considerably  less  concentrated  than  the 
threshold  concentration,  decreases  continuously 
(Quirk  and  Schofield  1955).  The  threshold  concentra- 
tion, which  has  no  absolute  value,  was  defined  as 
that  concentration  of  salt  that  causes  10  to  15  per- 
cent decrease  in  soil  permeability  — theconcentration 
where  factors  which  can  cause  drastic  reduction  in 
permeability  are  becoming  operative.  Most  of  the 
piping    soils   of   the  study  area  can  be  classified  as 


soils  with  a  tendency  toward  the  formation  of  Solo- 
netz, if  we  accept  Gedroits'  concept  on  the  causes 
for  Solonetz  formation.  Gedroits  stated  that  the 
direct  cause  for  such  development  is  the  adsorption 
of  sodium  by  the  soils  while  displacing  exchange- 
able calcium  and  magnesium.  That  such  displace- 
ment has  occurred  or  is  taking  place  at  present, 
appears  to  be  indicated  by  the  large  sodium  ion 
concentration  relative  to  the  concentration  of  cal- 
cium and  magnesium  ions.  In  contrast  to  Russian 
Solonetz,  the  soils  of  the  study  area  exhibit  no  or 
very  weak  horizons.  Thus,  our  soils  are  of  a  much 
younger  age.  The  youthfulness  is  also  illustrated 
by  very  pronounced  alluvial  strata  (see  fig.  4). 
Yet,  as  is  the  case  with  Russian  columnar  Solo- 
netz, our  soils  are  also  divided  into  well-defined 
columns  below  the  surface  soil  layer  (fig.  13).    After 


Gedroits ,  K.  K.  Solenetz ,  their  origin, 
properties  and  melioration.  1928.  Cited  by 
Vilenskii    (1957). 


-a"  '^■^'mBSmmS^^ ■■■■■■■■'  ■=■>■ 


Ftguic    T5.--Tlvii,  60il  cotimn  uicu>    taken 
fyiom  a  guttij  iida   6  lope  ui-Ltk  plpu . 
Tim  taction  o^  tht  column  conAtitLUta^ 
a  liexagon;   lt6  longest  6ide  mecauA^A 
6  inchu    [tho^fLd  wai   iome  dcit^Luctlon 
duAing  tAaMpofit]  . 
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spring  snowmelt,  when  the  soils  dry  rapidly,  the 
hitherto  nonstructured  soil  mass  is  dissected  into 
structured  columns  with  polygonic  cross  sections. 
Most  of  the  polygons  have  six  sides;  lengths  of 
sides  up  to  8  inches  were  measured.  Identical 
to  the  Russian  Solonetz,  the  summits  of  the  columns 
have  lacquered  surfaces,  apparently  from  the  drying 
of  colloidal  solutions  on  them. 

Piping  gully  side  slopes  of  the  Alkali  Creek 
watershed  shear  off  repeatedly  during  rains  and 
periods  of  heavy  snowmelt,  leaving  nearly  vertical 
cliffs.  The  soil  masses  are  deposited  on  the  opposite 
side  slope,  and  force  future  gully  flows  against  the 
piping  bank  (fig.  14).  This  leads  to  undercutting 
of  the.  piping  side  slope,  and  results  in  more  bank 
cleavage.  With  time,  the  thalweg  migrates  away 
from  the  deposition  side  slopes,  and  it  appears 
that  these  slopes  become  stable.     Growth  of  vege- 


tation on  the  deposition  slopes  is  favored  by  in- 
creased soil  moisture.  More  water  will  infiltrate 
into  the  slopes  due  to  ihe  gentler  slope  gradient 
formed  by  the  deposits.  The  soluble  salts,  a  large 
proportion  of  which  are  sodium,  may  also  be 
leached  more  easily  from  the  soils  after  their 
mechanical  disturbance.  As  sodium  is  leached  from 
the  soil,  the  pH  will  decrease  and  calcium  will  be 
more  soluble  and  available  for  plant  growth.  The 
greater  calcium  influence  will  also  stimulatefloccula- 
tion  and  will  speed  the  leaching  process.  While 
the  leaching  of  sodium  undoubtedly  benefits  the 
establishment  of  vegetation  because  the  osmotic 
pressure  in  the  soils  decreases  with  decreasing  salt 
concentration,  calcium  made  available  by  theplants, 
in  turn,  will  speed  the  leaching  processes.  Thus, 
gully  side  slope  stabilization  may  progress  rapidly, 
once  plants  become  established. 


Ta^quaz  14. --Piping  guZly  i,idz  6topu 
bfizak  o{i{i  in  veAXicat  cZ^avagt  tinu . 
The.  iiOil  muiiQJi  oAt  dimpzd  on  tkz 
oppo^iXt  iidz  ilopz.     Thud  -iilopeA 
o{^  dzpoiition  oAe  invaded  by  veg- 
etation, Mkite.  thz  gully  {^loi^i  oAn 
{^oKced  towcuid  the  piping  itopei . 
The  length  of^  the  K.od  ij,   5.5  {)eet. 
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Field  observationsindicatethat  gullies  with  piping 
side  slopes  move  laterally  into  the  piping  bank,  and 
that  lateral  gully  movement  continues  as  long  as 
piping  banks  are  available.  Since  most  of  the 
material  from  the  piping  slopes  falls  on  the  opposite 
side  slope  of  the  gully,  stabilization  will  occur  there. 
Inspections  showed  that  stable  slopes  are  found  on 
all  aspects,  and  no  aspect  was  favored.  Typically 
for  the  study  area,  the  gully  side  slopes  opposite 
from  pipes  1,  2,  and  3  were  classified  as  stable, 
with  very  little  surface  soil  movement.  It  must  be 
assumed  that  the  soils  with  relatively  high  ESP 
values  exist  as  lenses,  a  depositional  form  typical 
of  alluvium.  Once  a  gully  has  moved  laterally 
through  such  a  lens,  the  former  piping  bank  may 
become  stabilized,  if  deep  cutting  of  the  gully  or 
other  hydraulic  adjustments  such  as  meandering 
are  not  at  work.  The  final  stage  of  this  develop- 
ment may  resemble  that  of  old  age  of  a  karst 
topography  on  a  somewhat  smaller  scale.  Our 
investigations  did  not  permit  the  delineation  of  such 
areas  on  Alkali  Creek  watershed,  although  general 
observations  indicated  that  they  may  exist.  The 
study  did  show,  however,  that  in  each  case,  gully 
side  slopes  covered  by  fallen  piping  soils  were  in 
the  process  of  stabilization. 
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ABSTRACT 

Chaparral  species  that  sprout  appeared  little  changed  after 
47  years  though  all  stems  tagged  in  1920  were  dead.  Non- 
sprouting  species  had  died  but  were  usually  replaced  by 
nearby  seedlings  or  by  layering. 
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In  1920,  a  U.S.  Forest  Service 
research  team  fenced  several 
small  plots  in  central  Arizona. 
One  of  these,  an  exclosure  130 
by  330  feet  in  size,  was  located 
on  what  is  now  the  Sierra  Ancha 
Experimental  Forest  near  Globe. 
This  exclosure  was  located  on 
fairly  level  terrain  near  the  lower 
edge  of  the  chaparral  type  (4,500 
feet  elevation). 

Long-term  weather  records 
taken  nearby  show  an  average 
precipitation  of  18  inches  per  yeai\ 
Approximately  one-half  the  rain- 
fall is  from  summer  thunder- 
storms (July  to  September)  and 
the  remainder  is  the  result  of 
winter  storms.  Two  compara- 
tively di-y  periods,  May-June  and 
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October-November,  separate  the 
two  precipitation  periods.  Tem- 
peratures rarely  exceed  100°  F. 
during  the  summer  and  may  oc- 
casionally reach  10°  F.  during 
the  winter.  Snow  may  occur 
several  times  during  winter  but 
rarely  remains  on  the  ground  for 
more  than  a  day. 

Soils  on  the  area  have  been 
tentatively  called  Jayaar  sandy 
loam  and  are  formed  from  dia- 
base pai-ent  material.  These  soils 
rarely  show  much  horizon  devel- 
opment and  the  unconsolidated 
mass  of  the  soil  mantle  is  fre- 
quently over  4  feet.  However, 
numerous  large  boulders  are  pres- 
ent in  the  mantle  or  on  the  soil 
surface. 


Immediately  after  fencing  in 
1920,  individual  plants  of  six 
chaparral  species  were  tagged. 
Half  the  tagged  plants  of  each 
species  were  inside  the  exclosure 
and  the  other  half  outside.  Each 
plant  was  photographed  and  nega- 
tives deposited  in  the  U.S.  Forest 
Service  photographic  file,  Wash- 
ington, D.  C.  This  plot  with  its 
records  provided  a  rare  oppor- 
tunity to  study  life  span  and  re- 
placement of  several  chaparral 
shrub  species. 

Some  tagged  shrubs  were  re- 
photographed  in  1927,  some  in 
1935,  and  one  shrub  live  oak  in 
1962.  In  1967,  photos  were  made 
of  all  shrubs  for  which  early 
pictures  were  available.  Several 
of  the  1920  negatives  had  deteri- 
orated   and  could   not  be  used. 

A  general  view  of  the  north- 
west corner  of  the  plot,  taken  in 
1927,  (1),  showed  little  change 
in  shrub  cover  during  the  40 
years  when  compared  with  the 
1967  photo  (2).  Plants  appeared 
a  little  larger  but  occupied  es- 
sentially the  same  area. 


1-192T 
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SHRUB  LIVE  OAK 


Quercus   turbineUa   Greene 
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Individual  shi-ub  live  oak  the  47-year  interval;  by  1967  the 
plants  tended  to  be  tenacious,  only  visible  evidence  that  an  oak 
Only  one  of  the  eight  plants  had  once  occupied  the  area  (4) 
tagged    in  1920   (3)    died  during    was   the  2-inch   stem  on  which 

the  tag  had  been  placed.  Photos 
were  not  available  for  five  other 
oaks,  but  tags  were  found  on 
three  of  the  five  and  healthy  speci- 
mens occupied  the  sites  of  the 
other  two.  Two  of  the  five  can 
be  seen  in  the  lower  right-hand 
corner  of  the  general  views,  and 
appear  much  the  same  in  both 
photos.  Complete  photographic 
records  for  one  shrub  live  oak 
were  available.  This  oak  was  a 
vigorous  plant  about  7  feet  high 
in  1920  (5)  and  changed  little 
by  1927  (6)  or  1935  (7).  By 
1962  (8),  many  older,  larger  stems 
were  dead  including  the  tagged 
one.  By  1967  (9),  more  dead- 
wood  was  present,  but  young 
sprouts  from  the  base  were 
healthy. 
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Photos  of  the  remaining 
shrub  live  oak  (none  taken  in 
1935)  show  a  plant  less  than  2 
feet  high  in  1920  (10)  and  less 
than  3  feet  tall  in  1927  (11)  or 
1967  (12).  The  tag  was  on  a 
dead  stem  less  than  0.5  inch  in 
diameter.  During  the  47  years 
the  plant  did  not  attain  the  com- 
pact, leafy  appearance  of  a  vigor- 
ous oak  plant.  Evidently  the 
site  was  not  conducive  to  good 
shrub  live  oak  growth. 

These  photographic  records 
as  well  as  observations  of  other 
tagged  oaks  help  demonstrate  the 
tenacious  quality  of  the  species. 
Shrub  live  oak  is  known  to  sprout 
rapidly  following  fire  and  is  not 
easily  killed  by  application  of 
most  herbicides.  Although  one 
plant  died  during  the  47-year  in- 
terval, the  remaining  seven  were 
comparatively  healthy.  All  tags 
were  found  on  dead  stems,  which 
indicates  the  overstory  was  re- 
placed at  least  one  time  by 
sprouts.  Also,  protection  did  not 
enhance  survival  since  the  one 
dead  plant  was  inside  the 
exclosure. 
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DESERT  CEANOTHUS 

Ceanothus  greggii    A.  Gray 


Desert  ceanothus  plants  were 
less  tenacious  than  shrub  live 
oak.  Since  this  species  seldom 
sprouts  and  depends  on  seed- 
lings for  replacement,  its  ability 
to  compete  may  not  be  equiva- 
lent to  that  of  prolific  sprouters. 

Photos  for  one  of  the  four 
ceanothus  were  not  available. 
The  nearest  living  plant  or  skele- 
ton to  the  proper  location  was 
over  30   feet   away.     Since  dead 


ceanothus  skeletons  are  per- 
sistent, the  plant  was  probably 
dead  prior  to  the  1935  observation. 
A  complete  photo  record  was 
available  for  the  other  exclosed 
ceanothus.  Observations  with- 
out photography  in  1962  indicated 
this  plant  was  still  vigorous  after 
42  years.  Search  for  the  tag  in 
1967,  however,  revealed  a  dead, 
tagged  skeleton  about  2  feet  from 
the  vigorous  plant.  This  replace- 
ment plant  likely  had  seeded  with- 
in a  few  years  after  the  1935  ob- 


servation since  it  was  a  fully 
mature  specimen  by  1962.  The 
original  plant  was  healthy,  ma- 
ture, and  productive  in  1920  (13). 
Some  dead  material  was  evident 
in  1927  (14)  but  the  plant  was 
still  fairly  vigorous  in  1935  (15). 
The  1967  photo  (16)  shows  only 
a  dead  stump  with  some  fairly 
small  twigs  still  attached.  The 
presence  of  small  twigs  on  the 
skeleton  indicates  recent  death— 
probably  shortly  before  the  ob- 
servation in  1962. 


15-1935 
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A  third  plant,  located  just 
outside  the  exclosure,  was  not 
found  in  1962.  Careful  search 
in  1967  located  the  dead,  uprooted 
stump  with  tag  attached  about 
20  feet  from  the  proper  location. 
The  1920  photo  (17)  shows  a 
vigorous  shrub  about  3.5  feet 
high.  The  plant  was  still  vigor- 
ous in  1927  (18)  but  current 
growth  was  less  obvious  at  this 
time.  No  photos  were  taken  in 
1935  and,  from  the  appearance 
of  the  stump  in  1967  (19),  the 
plant  could  have  been  dead  or 
near  death  at  that  time.  Al- 
though this  plant  was  not  replaced 
by  a  seedling  on  the  exact  site, 
several  vigorous  young  plants 
were  found   about  10  feet  away. 

The  fourth  ceanothus,  also 
outside  the  exclosure,  was  not 
found  in  1967.  Neither  living 
plants  nor  dead  skeletons  were 
found  within  50  feet  of  the  proper 
location.  The  plant  was  vigorous 
in  1920  (20),  but  some  dead  ma- 
terial was  evident  by  1927  (21). 
Since  photos  were  not  taken  in 
1935,  the  plant  may  have  been 
dead  at  that  time. 

All  four  ceanothus  failed  to 
survive  the  47-year  span  of  time. 
From  appearance  of  skeletons  or 
lack  of  skeletons,  three  of  the 
four  likely  died  prior  to  1940. 
Other  observations  within  the 
type  indicate  ceanothus  is  shorter 
lived  than  the  sprouting  species. 
Since  vigorous  plants  were  found 
near  two  of  the  four  locations, 
some  replacement  by  seedlings 
is  indicated. 
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SACAHUISTA 

Nolina  microcarpa    Wats. 


Two  sacahuista  were  tagged  The  1920  photo  of  the  saca- 

in  1920.      Old  photos  of  the  ex-  huista     outside     the    exclosure 

closed  plant  were  not  available,  showed  a  plant  2  feet  high  (27). 

but  the  iron  stake  with  attached  By    1927    the    plant,   along  with 

tag  used  to  mark  this  plant  was  others  in  the  vicinity,  had  been 

found  and  sacahuista  were  grow-  closely    grazed    by    livestock    or 

ing  no  more  than  5  feet  away,  rodents,  and  did  not  appear  vigor- 

The  original  plant  was  completely  ous  (28).    Photos  were  not  taken 


dead  and  missing. 


in  1935,  and  in  1967  the  plant 
had  completely  disappeared  al- 
though several  vigorous  plants 
were  present  in  the  near  vicinity 
(29). 

Sacahuista  is  most  common 
in  the  lower  (4,000  to  5,000  feet 
elevation)  part  of  the  chaparral 
type,  and  is  often  used  by  cattle 
or  wildlife.  It  appears  that  in- 
dividual plants  may  not  live 
longer  that  50  years  since  both 
the  tagged  plants  were  dead. 
Also,  replacement  in  nearby  areas 
seems  to  be  no  problem  since 
vigorous  plants  were  found  in 
both  areas. 
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WAIT-A-BIT 


Mimosa  biuncifera     Benth. 


10m 


Early  photos  of  the  two 
tagged  plants  of  this  universally 
disliked  species  were  not  avail- 
able. Although  living  plants  of 
this  species  occupied  both  sites, 
tags  could  not  be  found.  Stems 
of  wait-a-bit  seldom  get  large  so 
the  tagged  stems  could  have  died 
and  the  tags  buried  or  removed 
from  the  area. 

The  tenacious  sprouting  na- 
ture of  this  shrub  is  well  known. 
Doubtless,  the  two  plants  seen 
in  1967  were  those  tagged  in  1920. 
This  plant  is  very  resistant  to 
burning,  herbicide  treatment,  or 
grazing.  An  area  once  occupied 
by  wait-a-bit  will  likely  be  domi- 
nated by  the  species  for  many 
years.  Wait-a-bit  is  restricted  to 
the  lower  fringe  of  the  chaparral 
type. 
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Frequency  of  Stem  Features  Affecting  Quality 
in  Arizona  Mixed  Conifers 

Robert  S.   Embry  and  Gerald  J.   Gottfried 


Mixed     conifer     stands    occupy     approximately 
300,000  acres  in  Arizona.     These  are  mostly  uncut, 
oil-aged    stands    on    some  of   the   most   productive 
forest   sites   in   the   State.     Seven  coniferous  and  a 
deciduous   species,    in    a   v^ide   variety    of  mixtures, 
characterize  the  mixed  conifer  forests  (fig.  1 ): 
Engelmann  spruce  (Picea  engelmannii  Parry) 
Blue  spruce  (Picea  pungens  Engelm.) 
Douglas-fir  (Pseudotsuga  menziesii  (Mirb.)  Franco) 
White    fir    (Abies    concolor    (Gord.    and    Gland.) 

Lindl.) 
Corkbark    fir    (Abies    lasiocarpa    var.    arizonica 

(Merriam)  Lemm.)^ 
Ponderosa  pine  (Pinus  ponderosa  Lav^s.) 
Southwestern     white     pine     (Pinus     strobiformis 

Engelm.) 
Quaking  aspen  (Populus  tremuloides  Michx.) 


Significant  timber  harvesting  from  these  mixed 
stands  began  in  1966  on  the  Apache  National 
Forest.  Since  then,  cutting  has  increased  annually. 
Stumpage  values  have  also  increased  since  1966. 
Presently,  saw  logs  are  the  primary  product  har- 
vested, with  a  minor  volume  being  taken  for  pulp- 
wood  and  mine  timbers. 


Need  for  Basic  Timber  Quality  Information 

With  the  continuing  trend  toward  new  products, 
new  conversion  methods,  and  mor edi versified  op era- 


^On  the  Kaibab  Plateau,  corkbark  fir  is 
replaced  by  subalpine  fir  (Abies  lasioaarya 
var.    lasiooarpa    (Hook.)    Nutt . ) 


S,tandfi  iucJi  cu>  tlvii 
oAt  ckaAjoicJizfLai  tic 
0(5  tko.  mixtd  conii^dA 
{\0'X(U>ti>  in  AfvLzona. 
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tions,  the  old  saw-log  concept  of  timber  quality 
is  no  longer  adequate.  Standing  timber  must  be 
described  in  terms  of  suitability  for  a  range  of 
potential  products.  Forest  inventory  information 
must  categorize  the  tree  resource  in  terms  of 
physical  stem  characteristics  that  determine  its  suita- 
bility for  specific  products. 

Stem  quality  for  most  primary  products  islargely 
determined  by  the  same  few  features— diameter, 
height,  sweep,  crook,  fork,  and  aggregate  knot  or 
limb  characteristics.  Suitability  of  the  timber  for  a 
wide  variety  of  products  can  be  estimated  if  the  size 
of  timber   and  sufficient  information  about  the  fre- 


quency of  occurrence  of  these  characteristics  is  known. 
This  paper  reports  the  results  of  an  inventory  de- 
signed to  produce  this  stem-quality  data. 

Mixed  Conifer  Area  Studied 

The  area  studied  (fig.  2)  consists  of  four  water- 
sheds totaling  approximately  1,800  acres  within 
the  Black  River  Barometer  Watershed  in  east-central 
Arizona.  The  area  is  typical  of  the  uncut  mixed 
conifer  stands  in  Arizona  found  at  elevations  of 
8,400  to  9,300  feet.  Current  gross  sawtimber 
volumes  average  about   16,000  board  feet  per  acre. 
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figure  1.-- 
Tke  iitudij  ataa,  pa.it  o{ 
the  Black  RiveJi  Ean.om- 
cXeA  Wat^ukcd,  i.i>  lo- 
cated on   tliz  Apac/ie 
UaZlonaJL  VoKHit  in 
e.ciit-cztvtAa£  Afvizona. 


Measuring  Stem  Quality  Characteristics 

An  overstory  inventory  of  each  watershed  was 
made  according  to  methods  developed  by  Ffolliott 
and  Worley.3  Stem  quality  features  were  obtained 
from  standing  timber  as  described  by  Barger  and 
Ffolliott.  The    inventory    method   was   designed 

to  provide  for  systematic  observation  and  measure- 
ment of  all  major  visual  stem  characteristics  related 
to  primary  product  quality.  The  frequency  of  occur- 
rence of  observed  features  may  be  computed  from 
data  collected  by  this  method. 

Point-sampling  techniques  were  used  to  select 
sample  trees.  A  total  of  556  permanent  sample 
points  were  located  on  the  pilot  watersheds.  Trees 
7.0  inches  d.b.h.  and  larger  were  selected  at  each 
sample  point  with  an  angle  gage  corresponding 
to  a  basal  area  factor  of  25.  A  total  of  3,336  trees 
were  selected  for  observation  and  measurement 
(table  1). 


^Ffolliott ,  Peter  F.,  and  David  P.  Wor- 
leg.  An  inventory  system  for  multiple  use  e- 
valuations.  U.  S.  Forest  Serv.  Res.  Pap.  RM- 
17,  15  p.,  1965.  Rocky  Mt .  Forest  and  Range 
Exp.    Sta.,    Ft.    Collins,    Colo. 

Barger,  Roland  L. ,  and  Peter  F.  Ffolli- 
ott. Evaluating  product  potential  in  standing 
timber.  USDA  Forest  Serv.  Res.  Pap.  RM-57 ,  20 
p.,  1970.  Rocky  Mt .  Forest  and  Range  Exp.  Sta., 
Ft.    Collins,    Colo. 


Visual  stem  features  that  affect  product  quality 
and  yield  were  recorded  for  each  sample  tree. 
Features  observed  and  measured  included  (1)  tree 
size— diameter  and  height;  (2)  stem  form  features 
of  sweep,  crook,  fork,  and  lean;  (3)  injury  features; 
and  (4)  log  knot  configurations  in  sawtimber  stems. 


Frequency  of  Stem  Quality  Features 

All  trees  selected  with  the  25  BAF  gage  were 
aggregated  by  size  class  and  species.  Trees  ex- 
hibiting the  observed  stem-quality  features  were 
summarized  in  a  similar  manner.  Frequency  of 
occurrence  was  indicated  by  the  proportion  of  trees 
with  a  specific  feature  compared  to  the  total  number 
of  selected  trees.  A  species  frequency-of-occurrence 
table  was  constructed  for  each  observed  quality 
feature.  To  facilitate  presentation,  the  frequency- 
of-occurrence  tables  for  individual  stem  features 
have  been  converted  to  bar  graphs.  The  importance 
of  each  stem  form  and  injury  feature,  how  it  affects 
quality,  and  data  on  its  frequency  of  occurrence 
is  presented  by  size  class  and  species. 

Trees  were  grouped  into  four  major  size  classes; 


Size  class 

Pole 

Small  sawtimber 
Medium  sawtimber 
Large  sawtimber 


D.b.h.  range 


7.0-  10.9 
11.0-16.9 
17.0-22.9 
23.0  plus 


Table    1 . --D i s t r I  but i on    of    trees    7-0    inches    d.b.h.    and    over   on 
the    mixed    conifer    study    area,    east-central    Arizona 


Species 

Trees 

Proport  ion 
of  total 
t  rees 

Sample  points  on 

which  species 

occu  r red^ 

Frequency  of 
occurrence! 

Average  of 
trees  per  acre 

Number 

Percent 

Ni 

umber 

Percent 

Numbe  r 

Engelmann  spruce 

467 

14 

194 

35 

24.6 

Blue  spruce 

i)8 

1 

2k 

4 

2.2 

Douglas-f i  r 

1060 

32 

389 

70 

35.4 

White  fir 

490 

15 

213 

38 

14.8 

Corkbark  f  i  r 

1  1 1 

3 

64 

12 

7.0 

Ponderosa  pine 

500 

15 

in 

41 

12.1 

Southwestern  white  pine      1  86 

6 

133 

24 

7.4 

Quaking  aspen 

km 

14 

178 

32 

37.1 

Based   on    a    total    of    556    permanent    sample    points. 
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Stem  Form  Features 

Irregular  form  features  in  tfie  merchantable  stem 
can  substantially  influence  product  potential.  Sweep, 
crook,  lean,  and  fork  are  particularly  important 
determinants  of  volume  and  quality  of  timber  for 
specific  end  uses  or  products.     Occurrence  of  thiese 


stem     form     features     is    presented     in    figures    3 
thirough  I  5. 

Observations  of  multiple  crook— more  than  a 
single  crook  in  the  merchantable  stem— v^ere  re- 
corded on  two  of  the  four  watersheds  inventoried 
(fig.  8).  A  total  of  247  permanent  sample  points 
were  involved  in  this  additional  stem  feature 
sampling. 


SWEEP. --Recorded  as: 

1.  Minor--less   than   1/3  d.b.h.    deviation 
in  straightness. 

2.  Major--l/3  d.b.h.    or  more  deviation   in 
strai  ghtness . 

Sweep  reduces   the  usable  volume  of  sawtimber 
stems,   and  limits   the  use  of  stems  as  commer- 
cial  poles.     Use  for  sawn  structural   members 
may  be  limited  by  grain  that  has   too  great  a 
slope.     Sweep  may  not  lower  recovery  from 
pulpwood  stems,   but  does   reduce  the  amount  of 
solid  wood  per  cord. 
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CROOK: --Recorded  as: 

1.  Minor--less  than  h  mean  diameter  devi- 
ation in  straightness  within  a  section 
5  feet  or  less   in  length. 

2.  Major---^  mean  diameter  or  more  devia- 
tion in  straightness  within  a  section 
5   feet  or  less   in   length. 

Crook  may  reduce  or  limit  the  suitability  of 
the  merchantable  stem  for  products   such  as 
poles.     Stems  with   crook  may  have  short  grain 
or  grain   that  has   a  greater  slope  than   is   per- 
mitted in  many  sawn  structural   members.     Net 
volume  may  also  be   reduced. 

FtguAc  6.-- 
Ch.ook  -C4  dz^iimd  OA  an 
abrupt  bend  in  thz  mtfi- 
chantablt  item. 
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LEAN: --Recorded  as   degree  of  lean,   to  the 
nearest  5  degrees. 

Lean  is  an   important  form  characteristic  be- 
cause of  the  development  of  compression  wood 
in  leaning  boles.     According  to  Pillow  and 
Luxford*  compression  wood  in  coniferous  species 
is   usually  found  in  stems  with  5  degrees  or 
more  of  lean. 

'^Pillou),  M.  v.,  and  R.  F.  Luxiofid.  StAac- 
tixAz,  occuAAcnce  ayid  pfiopextleyi  o^  compfL(i.i6ion 
wood.  LI.  S.  Pep.  AgfL.  Tec/i.  Batl.  546,  32  p., 
1937. 
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FORK: --Recorded  as  location  of  fork  in  stem,  to 
nearest  half-log. 

The  length  of  net  scale  of  products  obtained  is 
limited  by  forking  in  the  merchantable  stem. 
The  quality  of  adjacent  material  may  also  be 
lowered  by  the  distorted  grain  accompanying  a 
fork. 
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Injury  Features 

Injuries  can  reduce  the  usable  volume  of  the 
merchantable  stem.  Two  of  the  more  common 
injuries  in  standing  timber  are  basal  scars  and  light- 
ning scars.  Dead  and  broken  tops  are  also  con- 
sidered injuries.    Top  damage  is  primarily  attributable 


to  lightning  in  the  larger  size  classes,  while  snow 
breakage  and  porcupines  may  account  for  a  sub- 
stantial portion  in  the  smaller  size  classes.  Dead 
tops  may  also  be  caused  by  severe  mistletoe 
infection. 

Injury   features    are  further  described  in  figures 
16  through  21. 


SCAR: --Recorded  as: 

1.  Minor--less   than  h  bole  circumference 
affected. 

2.  Major- -4  or  more  bole  circumference 
affected.      Essentially  a  spiral    injury 
in   the  case  of  lightning  scars. 

Basal    scars   are   usually  confined  to  the   first 
half-log.      Lightning  scars   often   affect   the  en- 
tire merchantable  stem.      Scars   are   considered 
as   secondary  grading  defects    in   determining 
timber  quality   for  various   products. 
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TOP  DAMAGE: --Recorded  as: 

1.  Broken  top. 

2.  Dead  top. 

Top  damage  is  usually  the  result  of  lightning 
in  the  mixed  conifer  stands  in  the  Southwest. 
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Log  Knot  Configurations 

The  distribution  of  clear  surface  area,  and  the 
number  and  size  of  log  knots,  are  important  in- 
dicators of  primary  product  potential  (fig.  22).  The 
knot  features  of  all  coniferous  sample  trees  11.0 
inches  d.b.h.  and  larger  were  characterized  in  two 
ways:  ( I )  presence  of  clear  surface  area  in  the  first 
two  16-foot  logs,  and  (2)  number  and  size  of  knots 
in  the  first  16-foot  log.  Specific  information  re- 
corded included: 

A.  Clear  8-foot  faces  (panels  8  feet  by  1/4  bole 
circumference),  recorded  by  position  within  each 
succeeding  8-foot  stem  section,  to  32  feet  height 
or  to  a  10-inch  top  diameter. 


B.     Log  knots  and  knot  indicators,  recorded  as: 

1.  Number    of    knots    in    each   full   face   of   first 
1  6-foot  log. 

2.  Diameter    of    largest   knot   in    each    log   face, 
to  nearest  inch. 

3.  Condition    of    largest    knot   in    each    log   face 
(live  or  dead). 

The  occurrence  of  clear  8-foot  faces  in  the  butt 
16-foot  logs  is  presented  in  figure  23.  Practically 
all  clear  faces  observed  were  contained  in  the  first 
1  6-foot  log  of  the  larger  size  classes. 

The  number  and  size  of  log  knots  in  the  butt 
16-foot  logs  are  presented  in  figures  24  and  25, 
respectively. 


Potential  Use  of  Quality  Information 


Stem  quality  information  forms  the  basis  for 
most  primary  product  grading  systems.  Such  in- 
formation provides  a  basis  for  inter-product  com- 
parisons and  utilization  decisions.  The  data  pre- 
sented here  may  be  used  to  estimate  the  product 
potential  of  mixed  conifer  timber  in  Arizona.  The 
extent  to  which  a  limiting  stem  defect  may  be 
expected  to  occur  may  also  be  estimated.  Even 
if  present  grading  systems  should  change,  the  stem 
quality  information  would  continue  to  provide  a 
basis  for  evaluating  product  potential  without  the 
need  for  an  additional  inventory. 


figuA2.  22. --CldCiH  log   ^acei  indicatz 
i>a.iX.abltitij  and  liigh  qaoLvtij  ^on.  moi>t 
ptimci^uj  pfioduct!). 
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